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Session A-1 and B-1 . Techniques and Procedures of Research
Topic : Applying and intéfpreéing‘the Resnlts

, of Meta-Analysis Procedures

~ Russell H. Yeany, Jr.

University of Georgia; : '{
Athens, GA 30602

. G
Recently, statistical analysis techniques for condensing and’synthesiz—.
ing the results'of a large sat of empirical studies into an inberpfetable

fonﬁ have been developed (Glass, 1978). .Thes¢€ procédures have been

" labled as peta-analysis and are quickly gaining favor as a means of

making sense of the varied results ‘usually present when one examines

numerous studies on a single topi¢y -Meta- analysis. techniques can be o

grouped into two families. One is employed pfimarily For~® experimental”

" studies where treatment "effect sizes'" are®calculated and analyzed.’
y .

The second is uséd to synthesize the results of correlational studies.

" 14y the latter case, ''correlatiom coeffcient . conversions are calculated

nd synthesized into mean correlation values. Both procedures are

-applicable to latge bodies of accumulated science education research.
lThe purpose of this proposed training session is to acquaint NARST mem-

bers with the prbcedures, to assist them in interpretipg the results of
published meta-analyses, ang to facilitdte the acquisition of the skills

required to conduct the two types of meta-~analysis.

’--

References

Glass, G. v Integrsting:findings? The meta-analysis of research.
{ In Shulman, L.*(Ed.). Review of Research in Education. 1Itasca,"
Illinois: Peacock Pub{ishing, 1978.
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- Lt Inm this*chapter Glass expanded and moré\thoroughly :
presented meta- analysis procedures.
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RESEARCH APPROACHES FOR ASSESSING ENERGY

/ K ' EDUCATION ISSUES

i

) v . Helen. Loughner ,\ o ’/__ f.A
- | " Gabriel M. Ziccarelli 3 ‘ R g

‘ T \, i.__\.....n-... e s -George A Lednew -~ - - - e ‘ e U L
' - i - David Carbonara ' '

!
i
1
. ‘ University of Pittsburgh %
. = : Pittsburgh, PA 15260 | |
. . ' \ : ) _ %
This will be a symposiuﬁ on research methodology with emphasis"on
new approaches for obtaining and analyzing information in making
decisions for déveloping energy education curricula. t cah be
argued that, unlike the Post- Sputnik science curricul movpment,
there are different forces influencing énergy education, curriculum
" movement, evaluation, and subsequent implementatiOn An aﬁn of
this symposium is to characterize these forces, as manageable data,
and to demonstrate innovative research techniques for ootaining
direction in approaches to decision making. -, : .
The panel of fodr researchers for this symposium has developed <
innovative approaches tq“Investigating, collecting and apalyzing
, data on the topic. These will be demgnstrated with a data bank of
v . over 700 variables for the social environment, family background,
' - dogmatism, mental development, leisure interests and pursuits, .
intellectual ability, achievemeut, werbal and figural scientific
‘reasoning. ability, energy concept learning ability, and information = ' °
processing capacity of senior high stiudents from schools of two
~different demographic districts. These data are of a longitudinal

study for measuring changes of opinions toward energy situations
occurring in the past two years.

There is evidence that forced—cpoice polls\0n social issues inade-
_quately measure opindion. Face-value verbal\ statements .are known'

“apot be treated because of limited: computer c
string programs for obtaining frequency trait
opinion statements will be described iny the s

acities. Character-"
of’ words used in
posium
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‘In 1956 the Américan Association for the "Advancément of Science
(AAAS) conducted a nationwide survey in order to detejpmine Q .
image of science ahd scientists as held by secondary sthqo %Eu- -

~dents (Mead and Metraux, 1&57) What they found was quite»disturb- "mgk&;

, ing Although there were positive things to be said, the students’
N\ 1image of .scientists was stereotyped and rather negative, phrticular-,

The timing. of the Mead and. Metraux study wag of particular interest~
since 1t just preceded the science curriculum-"Boom." One of.. the’
often repeated objectives of the inquiry-type curricula was to:.
‘nurture a positive attitude toward science. The question raised
. therefore, was -- 'Did the twenty year period since the AAAg.study . _
,affect the sciehce attitudes of secondary school students? S
«  Jix hundred eighty three subjects participated in the study.
Twenty-five . subjects were interviewed, 188 submitted written nar-
~ratives and 470 students (7th to 12th grades) completed the Image
of Science and Scientists Scale (Krajkovich 1978% -’

»The results indicate that students today respOnd similarly to
‘. inquiries concerning the image of the scientists. - The same

- ambigyity remained, in that, on.one hand scientists were thought - ‘o

to be intelligent, hard working and humanitarian:but at the .same
time they worked in jobs that were dangeroua,~tedious ‘and time
‘consuming. Furthermore; the vast majority of students ‘neither

B,

» . wanted to be a scientist ,nor marry one. . "

Further sigiiarities were uncovered when responses were andlyzed

according to gender. There was no significant difference between .
~ males and females in their overall attitude toward science as 5: '

measured by the -Image of Science and Scientists Scale. However,

P istic overtones more .positively, and males answered items that

' ly when personalized as in & careg; or marriage. ) , MR

an item analysis indicated that females answered items with human=" * b

¥  referred to the adventure of science more positively. This is(‘ . @“ﬁéfﬂ"

RN

also consistent with the findings of Mead and Metraux.
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Mead M. and Merraux "R.

students.

ment and an- examinatloh of the relationships among scidnce
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AR, INVESFIGATION OF THE RELATIO HEPS BETWEEN

ro

. STUDENTS' DEGREE OF OPENMINDEDNESS AND THEIR . 1,
) o |
/ ' PERFORMANCE N MENTAT. OPERATIONS .
5 ; N - , - . . I '(’. | .
. wt o ! ... Pastor R. Rojas . .. .. . .
' Ninoska R. Rolas o \ e §

University of Pittsburgh, ' ‘
Pittsburgh, PA 15213 ) X e

[} ‘e h . A
‘Science. teaching objectives related to major sogial problems,
such as environmental education, have been incorporated into the
regular school curriculum in an attempt to cope with ecological

crises. The emphasis 1n this endeavor has begn placed:mainly - ‘ :
in cognitive aspects of gscientific issues related to the environ- Dy
ment, and -little attedtion has been paid to the students' affect-

ive domain, their systehs of values and beliefs, which direét * .
their desires—yhd wo-k. The affective domain hag also been neg- ) NS

lected when diagnosing for Ehpwﬂ!hignment of science subjects I
to students. I L o

BN S L
'y S e

Dogmatism, or degree of openmindedness, is one of the afpects of ’
the affective domain that may have influence on the attitude

of" students toward science instruction related to major social ’
problems. ..In the study of dogmatism, no significant ‘relationsip

Has been found with mental ability The relationship between . - .
scores from the American Council on Education and the Dogmatism Ty
D-Scale scores, Rave been found to be essentially zero by
Christensen (1963); this finding supported Rokeach's contention

’ - (1960) that intelligence and domatism ard not-cortelated. Jack-

son and Strattner (1964) reported that dogmatism ang retertive o
learning are negatively correlated. Research with high- school
students, grade levels seventh through twelfth, has produced
slight negative correlation between educattOn-age and dogmatism

N S ‘ .
This investigatiqn was to explore the influences that the degree S
of openmindedness may Have in the mental maturation of students .’
as an effort to find an approach that could lead to & better
understanding of the maturational process,: bn order to plan and _
conduct science {nstructi o | ,

-

- \
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 1ng (1940). Total scores and subscares for meatal operatiopns

'cotal score was develdped and also subscores for the catégories
geatablishedsby Rokeach. ' ! S

J
'Daha”were'éollebted from a aamplé bf 188 students, grade levels

seventh and eighth (mean age 14.2) living in the suburbg of
Pittsburgh, Pennsylvania., Students were given the forty item ° o .
E-form of Rokeach's Dogmatism Schle (1960) the Piagetian type N
battery (Moser, 1975), and the Shipley test on abstract reason-

(seriatjion, correspondence, revarsitivity, transitiwity, class
inclussion’, add-substract, tranaformncion, hor{zontal classifica-" . .

‘tion, and multiple classification) ‘ware developed- from Shipley's e

tedt, and from the Piagettan type battery. From the E-Form a v

- For the stat{stical analysis, the BMDPIM ‘Cluster Analysia, and oo
" "the BMDP2R, Stepwise Regression, programs from the UCLA Health I

Sciences Computing Facility (Dixon,-1975) were used. ¢
The major findings were:
Y ) N '. . . .I.e';:;:
1) Deé%ee of openmindedness is negatively correlated )
(-0.3231; p € .01) with Piaget's total sgores’ and - CL, e
positively correlated (0.3056; p'€ 01) with Shipley 8 e
total gcores. . ‘ A
T ~ . . i .
2) Transitivity (Shipley), gseriation (Piaget), hdrizontal
classjification (P), and multiple classtficati&n (P),
accounted for 44.947% of the variance of total : dpgma- L
tism score in..the regression model; F = 33.57; and .
DF = 4/183 :

3) Transformation (S), seriation (P), horizontal clgssi- - ;.. ' -
fication (P), and multiple classification, accounted '
for 64.227% of the variance of the subscore "tendency
to make a part line change"; F = 88.12; DF = 4/183.

%) Seriation (S), seriation (P), correspondence -(P),

' transitivity (P), ‘class inclusion (P),- transfoymation
(P), and mulkiple classification (P), accounted for
72.65% of the variance of the subscore 'change in
Seripheral beliefs folloying a change in intermediate

eliefs"; F = 68.32; DF = 7/180. .

. 5) Seriation (P), correspondence (P), transitivity (P),
and multiple classification (P), accounted for 33:.607%
,of the variance of the subscore "attitude toward- the
past, present, and future; F = 23.15; DF = 4/183.

6) Multiple olasstfication (s), seriation (P), horizontal
classification (P), and multiple classification (P)
accounted for 48.71% of the variance of the subscore

"knowing the future'; F = 43.44; DF = 4/183.

’ \ L N ' N . St ‘- g
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“Values for the correlations of the mental operations in the D
- | regression equatiopa, were alwayp significant at the .01 Ieéhl,
\ . . i ! 0y ‘ AN

The diocovery that dogmatism total score and subscores can be
predicted from “performance in mental dperation, is an 1mportant
cottribution fdr the diagnosis.of stidéents difficulties in their
i * ,Mmaturation process, for tthe underscanding of ‘students’ affective
. domain, and for/tgz planning and candugtion of science %nstnugtioq;

~ ’ ‘ . . r
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A PROJECT TO 'SURVEY AND PROMOTE ELEMéNTARY e
, SCIENCE INST&QCTION I NORTH ChKOLINA
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Réﬁionale for the 9tudy

\

A conprehensive National Survey of Qcience Mathematics ‘and, ~ -
Social Studies Education (Weiss, 1978) <€ound that the disaemina-
tion of information concbrntngﬁthe new-curriculdm projects in
sipported by the National Science
Foundation has not been highly successful. Many common factors
wer¢ found to be serfous barriers to affective science instruc-
tion., Tn addition, the time gspent teaching elementary sciencde

- was low. Although the report by Weiss provides much useful and - ;

somewhat alarming information about elementary/science inSLruc-
tion across the nation, de;ailed tnformation concerning indivi-
dual statewide elementaty scienge teaching practiCQs and infor-
mation needs to be’ surveyed ang diaseminated

e S ‘

L o
To me!t this need ip North Cardlind, an information dissemination
and survey study project was designed to: .1
‘l\ . . -

1) inform key science personnel about the various options
. and teaching methodologies and research available
‘i " in elefientary science instruction;

1]
e

2) survey local key personnel ‘concerning elementary
science instruction; and,’ . r

3) survey inservice,teéqhers concernin lementary
science instructiog.” .

’ .
o L ! .
.

¢

¥
*

Methodolqu and Desggn“ ) o . .

«

North Carolina hag 145 local educational agencies (LEAs) contained

within eight regions ‘of the state, Each LEA is served by educational -

personnel in the regional education center,

¥

LI
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+Pnoject staff traveled across the atate to eakh regional educa-
tional center and put on a two- day Awareness Conferepge to irform
key science personnel from each 'LEA with#n the region, about, ‘ -
. elerentary sciéfceé instructjon. Administrative and teacher : -
) ‘ quegtionnaires were distributed at. gach eonference. Administra- B '
! ’ > tors filled out the questivbnnaire at the conference and then
4 L passed out the teacher questionnaitves to two. elémentary teachers L
b L " in each LEA following the confetrence. A follow-up conference * A
e o was then held to asséss the results and offet>suggestiong for
>~ the ‘improvement of elementary scienre‘insE?uction in North T e
Carolina. s , e . P :

‘sr . . » . - .- -

[y v . " UV . -

S Initruments and Data ’ v c
- _ . T e
The- questionnaire developed for the survey was aimed gt assessing}i

® ‘ the cotmon practices, problems and ,areas of difficulty faced by

teachers of elementary science in North Carolina, The 64 item
-questionnaire was analyzed by rank ordering areaa“of difficulty ., e
and most common teaching practices. Amount of tﬂ@e spent teach- |

ing science was the average time indicated by all returned ques- R
tionnaires. Percentages were used to determine type of program

in usge 'and grade level taught. Responses were anlyzed agd com-

puted for .each educational region and then totaled to obtain

=y statewide results.

'\& :

Results and Conclusions N

The survey represented the most indepth study in elementary science _
instructfon ever undertaken in the state of North Carolina. During ' = .
the eighteen month.project a total of 891 teachers and 142 admini- '
strators from the eight edugﬁtional regions responded to the ques-.
* tionnaire. The lack of supplies -and equipment, insufficient funds, ,
inadequate room facilities and- textbook too difficult for students
were the leading “actors affecting the teaching of elementary sci-
..ence., Lecture/discussion'was the most-prominent means of teaching
with over 85% of the teachers using 2 textbook to teach. gcience, t
A more ‘detailed report of the results of the project can be obtain-
ed by writing the authors . :

e

.

- v The follow-up conference of leading science educators of the state
. .fbrmulated a comprehensiye list of needed changes and proposed

new directions for. elementary sclence {nstruction in North Carolina
- fod the decade of the '80's. . L .
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This session will train participants in the use of a procedure to o _2
verify if there has actually béen statistically significant differ- ' '
ences between two teaching methods as a means for arguing that the > ‘
difference in methods was actually responsible for experimental - SR
.differences in student achievement. Participants will process ! .
actual data and reach and discuss their own conclusions. ' 8
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Teacher functioning Hps_assumed an important role in attempts to

_assumed that these behaviors dre mef through courses, classroom
n

’
” - i -\
¥4 .
L
. . -4 . . ” ' . )
‘\. . . . . ) % . ) . . .
THE RELATTONSHIP OF GOGNITIVE LEVEL FUNCTIONING - o
> 4 . - - b oo
v - v IN ELEMENTARY PRESERVICE TEACHERS AND ' . _
. f'\ \' 3 . .
5 . * {
. _CLASSROOM' SCTENCE TEACHING BEHAVIOR R . (.
. . R ' N \ . .
- e : .- ! - 'o;‘ -
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* Cynthia S. Sunal =~

West Virginia Unlversity
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create more effectivelearning in students. Role“ expectations. for
successful classroom &8cience teaching involves many complex behav-
iors which necessitate effective use of higher level' thought Pro-¢ . -

ceBses and decision-making abjlities,  These include’ postulating = . - v

hypothetical relationships between student clagsroom and“teacher . -,

variables, manipulating proposittons -tgyolving effective learning * %= ;-— L

environments and making inferenced about covert social-psfohol ical
processes, Professional t&acher educatien progranis have generaNy

experiences and ingervice requireménts. Based upow research in the .:
area of life-long develgpment of cognitive functioning, the vali- .
dity of this assumption should be questioned. This regearch B .
indicates that only about one-half of adults attempting entry into, ' .
or areYow involved in, professional education have developed the e
necessary- high level thinking processes requisitg for .the perform‘ v
ance of] many professional role behaviors _ w«i@";i o,
The purpose of the study yas to establish the extent these effect:sn,‘,?;("L

the ability to ude highgﬁ)level thought processes, may have on the
variety and level- of perqgeption,. performance_and analysis of class-
room science teaching hehaviors. Postulating that general and

specific mental structures were related fo certain science teaching
beghaviors, the study compared classroom perfromance in the teaching

of a short scilence unit by preservice elementary and middle (K-8
certified) grade .teachers of differing levels of cognitive develop- ' _
ment. N, ) ' - 'S
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- Formal thinking abilities were assessed with a group test of formal
reasoning and ith individual interyjews using Piaget's tasks in-
volving combiACtorial ngic, hypothbtical reasoning, and anakysis'

) and use of variables. An.alternative hypothesis 4dvolving, the
S 1 - earance of formal thought in the area of professional ‘training
. /G{Psn earlier time than indicated on traditional Piagetian: tasks

' ' was tested using a gtroup test involving analysis of critical class- v'
zoom incidents as shown on a video tape. Science teaching behgviors
. were agsessed using observational rating 1nstrudbnts of instructional
A .. planning and behaviors, palidated @and published in previous Tresearch
' studies *gcience teaching, ahd questioﬂnaire and analysiSsreports -
of expectations and perceptions. Qther variables measured included B .
_ Interests and attitudes toward teaching, teacher characteristics and .
el e ratings of the supportive aspects of cooperating teachers and class-'" S
*  room settiggs. " \

¥
>

The' sample, drdawn from 330 senior level pregervice education students
- at two large easterp universities, was comprised of 84 females and 12 <-
_males whose median age was 22. These preservice teachers, were parti- -
cipating in field oriented programs involving a minimum!!l three
o __semesters of extefded observation and teaching in class , Obser-
° ¢vation$ were made. of general and specific science lesson assignments
in' o®der to increase experimental validity. Reliability of teaching
behdvior measures was thecked through use on multjiple dtcasions and
uge of multiple gbservers. Precautions wére also taken to insure
o . [reliability in the Piagetian measures. . .

Data obtained from the measures were analyzed using analysis of co- .
variance and regression analysis. The results did not support hypo- ‘\\\
theses concerning instructional planning "and pergeption ofibehaviors -

* involved in teaching classroom science and the development of general
. or specific mental structures. The data supported. the hypothesized

b ' relationships batween the obsirved classroom science teaching behav-

iors andresulting analysis of science lessons and the development
of general and. specific throught gtructures, The results ha?g im-
portant implications in -the design of preservice teacher education

.. programs .and further research into th develgpment of science

.8 curricula used by teachers and inservile staff development activities.

-
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N PROBLEM SOLVING STRATEGIES OF . . e

! ' S

- HIGH SCHOOL- CHEMISTRY .STUDENTS )

L Dorpthy‘Gabél i
> Robert Sherwood, - Lo P
h Larry Enochs :

. Indiana Univgrsity .
Bloomjnton, IN 47405

Ong .of the basic skills required of.high school chemistry students
is problem solving. Chemistry teachers are well aware that many
students lack proficiency in-.this area\but are:not cognizant of
reasons why gtudents are unable to acquire/the skill. . The purpose
of this research, which is part of a study supported by NSF, is to
compare through the use of interviews, the problem solving ‘strate-
gies used by high school chemistry students that are successful and
unsugcessful .in solving chemistry problems Comparisons of strate-
gies used by students of different verbal/visual preferences and

- different proportional reasoning skills are alsp made.

The subjects of this study were 560 high school chemistry students,
of nine schools in central and sputhcentral Indiana. Students wére-.
randomly assigned to one of four different met¥ods used in teaching
problem solving: factor label method, proportionality, analogies,
and schematic diagrams. Using programmed booklets incorporating the
above skrategies, students studied four different units: the mole

" concept; stoichiometry, the gas laws, and solutions. From quizzes

given during the units, students were classified as successful or

unsuccessful problem solvers.” These students then formed the pool

pPr rtional reasoning ability weére selected for interviews,

There were three purposes for conducting the }nterviews. These

were: : ’ ' i
_ )

(1) to compare general problem solving strategies used bx
successful and unsuccessful students

(2) to determine -if students of different verbal/visual
preferences 4dnd varying levels of proportional
reagsoning ability used different techniques, and

(3) to determine whether any of the four methods taught

‘ was more successful than the others. . .

from>wh1ch 250 students. of different verbal/visual preference and _ .
op

¥

R
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___merf® developed by Staver (1978) o
- method was found to be .86. . e

ar

%

Interviews which were conducted after each of the four units used

a '""thinking aloud" technique in which.students were given a problem
and askef to solve it aloud during which, time they were taped. Tapes
were later analyzed using a coding sheet that examined the following:
reading/organizing, recall, production, strategy, structural errors,
-evaluation,: .execution errors, and comm%£§s about the solution.

v A}

Prior to study of “the chemistry uhits, students were classified as
.having verbal or visuai preferences using a mogdified Individual
D{fferences Questionnaire first .developed by Paivio (1971). Re-
1§§§111cy using -the KR-20 mgthod was found to be .77. Proportional

repggoning ability was measuted usin modified form of an ingtru-
bility using the KR-ZO

N .
Comparisons between successful and unsuccessful students according
to visual/verbal preferences, high and low proportional reasoning
skills, and meth¢d used in ingtruction, were made using non-
parametric statistical techniques, spgcifically, Pearson's Chi-
Square Test of Homogenity of Distributions (Marascuilo and MeSweeney,
1977). These results and other insights gleaned from the inter-
views will be presented. ’ _ '

_ . - -

NS )
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.be used in science instyruction to facilitate the ‘student's acquisi-

THE USE OF AIALOGIES TO FACILITATE -

RutE USING IN ELECTRICAL SCIENCE

Ronald Jay Polland
e e e e e e e e \. - B P
Florida State University T
Tallahassee, FL 32308+ . L

<, -

Analogies have been used since Aristotle for rendering unfamiliar
ideas more comprehensible. Many claims.in the philosophical lit-.
erature about the ability of "analogies to facilitate learning have °
been made, however, very few empirical studies have been conducted
to substantiate them. -The possible benefits in using: analogies to
teach abstract idess is suggested by -current research in science
education _ «

. '
Cantu & Herron (1978) maintain that many high schgol students ‘have
difficulty in 1earning abstract concepts and rules in physical
science because they are unable to deal with rule and concept attri-
butes that are not perceptihle. 'The authors believe that compre-
hension can be improved when_abstract attributes are made observable.
Several authors have developed training programs that teach studeunts
to perform some formal operations through the manipulation of physi-
cal -objects having perceptible attributes (McKinnon & Renner, 1971;
Towler & Wheatley, 1971) Almy (1966) found that concrete- operationalt
learners rely on imagery to manipulate the:elements of a problem by
forming images of what the .solution would look like if certain physi-
cal operations were to be performed.- Analo&f\s have been showp
to involve the manipulation of problem elements via. imagery (Driestadt,

1968; Khatena, 1973) and, therefore, analogies may be useful in . =, -

helping concrete-operational learners to perform some formal opeta-
tions and to comprehend abstract ideas. The purpose of the present
investigation was to "determine how analogies could effectively

tion of abstract e1ectrica1 rules. &
v i .t . o "
¢ B L ) .

" A two-part study was conducted to test the' hypothesis that the

effectiveness of an analogy is dependent upon the complexity of its
attributes. Analogy complexity was defined as the subset of attri-
butes that students could reliably be expected to interpret from an
analogy. -

.
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In the first part, a techniqua for constructing analogies and for
judging thqir complexity was. developed Ten analogies were:construct-
ed and subs@quently” judged by six sciencé writers. Two dnalogies
differing in complexity were selected and incorporated into a unit
of electrical science instruction. Three versions of the instruction--

‘al text were produced: - = . . ' ' N

N Y
) . . w

(a) no-analogy, . . ’ T _' ‘ a
> (b) “high-colmpléxity analogy, and S
(c) - low—completity anangy - R '

In the Mecond part ‘one hundred twenty-nine high séhool ‘physics ;Y

48tudents -were-randomly -assigned. to-one of the three-{reatments {ver--.

sions). Students were presented with a brief . text on electrical Y
rules. A short-answer posttest measuring rule-using served as the
dependent measure. Significant total test scores were found between
the two analogy groups and between -the high-complexity analogy and

‘the no-analogy groups. There were no signiftcant.diffetencgs

between the low-analogy and no-analogy groups. ; p
The results support the hypothesis that the facilitative effect .of

an anadlogy 1is a function of its attribyte complexity. The results
have implications for how analogies should be used in instruction.
Typically, students are assumed to interpret an analogy in the game
way that the teacher or science author does. The analogy i as%umed
to contain idghs familiar to the student and relevant to the concepts
being taught. (his study illustrates the need for educators to
exercise caution in assuming that an analogy will be valid and under-
stood by all studeq&p

e
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SELECTIVE ATTENTION EFFECTS OF TEXTBOOK- STUDY *QUESTIONS .
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2

Teéxtbook questions remain the most prevalent study aid used to help
students selectively attend to criterial information contained in _ SN
Jpclence learning materialg (Holliday, 1979). Yet, Markle and Capie's’ R
_(1976) mathemagenic experiment and Wilson and Koran's (1976) analysis .
" of this line of research represent the few competent attempts in -k o
- science education to increase our understanding about how learners. _ '
react to varioys question types adjunct to specjalized learning " T
mdtérigls in science. The present study draws on such mathemagenic

work: and generalizes to textbook study questions (i.e,, usually ' B

found at the end of bgok chapters) in which students are permitted L N
to review criterial material, as cogently justified and ‘recommended . 1
e, "oby Faw and Waller (1976). .

- -~

A cognitive process model, selective attention was used to predict
the resulﬁe\of the present study and used by thets to explain math- S e
emagenlc’ and “'nonmathemagenic™ research findings also dealing with
questioning behavior (Anderson, 1970; Wittrock & Lumsdaine, 19779).
In part, this model predicts that students often fail to leatn
simple conceptual - relationships when they are ngt forced to search s
:instructional material for queried coneptual asfociations. One way
of not forcing students to search the material and focus attention
{ on criterial information is to overprompt learners by providing them \S\<\,)
“with strong hints to answers -- a theoretically dysfurictional tech- .
~ nique 111 used by an alarmina number of teachers (Anderson,.1970;
. and Ard®rson and Biddle, 1975). Anderson and Faust (1967) ‘supported , -
. . this prédiction in an experiment using a Russian vogabulary, self-.
- " paced program., Indeed,.thé purpose of the present study was to
: evaluate  the generalizability of these results to-a specialized
€ -science. medium in terms of selective attention. §becifically, a
. "~ question and no-question treatment were, hypothesized to be more
effgctive than a cued- (strongly. prompted) question treatment . which
in turn, was hypothesized to be'more effective twfh a control -
'_(placebo) : :

v
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A . The sample consisted of 171 (English-speaking, middle-class) high P
N _ school biology students -(14 to 16 yearg of age). Students were

randomly assigned to three treatments and a: aingle control -followed
by a 30-item, multiple- choice test, thus creating a posttest- only
: equivalent-group design. The three treatment groups were provided
) with specfalized learning matetial, a picture-word diagram describing
: biogeochemical cycles. / '
e ’ - The question-treatment group recejved the diagram find 20 textbook
: ' atﬁdy questions. The cued-question treatment received the same
P questions and diagram with added prompts (not information) displayed
CoTtTTT T S fn the ‘diagram.” The no-question treatment- group® received just the
s . diagram. Finally, the control group read a science placebo passage.
e - The diagram used in this study described scientific pathways and
. cyclic scheme. Previous research (Holliday, 1976; Holliday, Brunner
- and Donais, 1977) has shown that this diagram can be’ effectively -
ugsed with adjunct questions and can be used as a basis for genarating
operationally definable comprehension study ‘and posttest questions ' .
(cf. Anderson, 1972). Indeed,; such questions and. relationships were
.developed for this experiment.

3 La

Results and ConclusionsJ

- As predicted, the hypothesized ordering of .treatments and control
groups significantly differed (p € .05) with one, exception, as ' s L

evidenoced by ag overall analysis of variance test followed by a L

™ Newman-Keuls multiple range test. .The no-question treatment group

e did net significantly outperform-the cued-question treatment group.

. " Otherwise, these findings were anticipated and consistent with pre--

viously cited research and the selective attention process model.

Apparently, cuing students to queried information can reduce &
*  stident's,need to search and“comprehend simple conceptual relation~ a
-"‘w”iships contained in such a diagram ' . '

S
~
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Objective - o ;.

The purpose of this developmental study was to investigate the
effects of.gtudy guide questions im.diffprent forms on: the learn-
ing of science content from .written text. Developmental compari-

- sons were made by administering the study to fourth, seventh, and

tenth graders.

Rationale

Study ‘guides in the form of questions are oftenused to aid student
progress through science text ‘materials but variables determining
effectiveness are largely unmeasured. Further, while the use of
study guides is.common at all levels it 1is not known if their effect-
iveness varies for different age 1evels of students.

L ’

Studies have shown that.. higher level questions produced better. scores

~on an.,evaluation level posttest withoutta decrement in knowledge

levelﬁperformance In particulaz{gone showed that subjects pro-
ducing their own examples of a principle scored higher than a
control and recall condition (Watts & Anderson, 1971). Verbal
learning research supports these findings, with 'deeper levels

of processing" characterized’by semantic rather ‘than orthographic
processing resulting in greater retention scores (Craik & Lockhart,

1972). , )} )

The present study investigated both these areas by providing study
guide questions requiring different levels of processing for students.

" at different developmental levels,

21"
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~Instruments -
1

Method "and Design _ | .

Sub jects were randomly assigned to four treatment groups. Each was
given a passage from a weekly science newslaetter. The four experi-
mental groups were given study guides with eight verbatim (V), true/
false (TF), paraphrased (P), or open ended (OE) questions respective-
ly. Half theystudent study guides referred to the paragraph number
where the ang}er for each question could be found.(structured condi-
tion). The result was a 4 X 2 factorial design. The study was
replicated with fourth graders (N = 85), seventh graders (N = 98),
_and tenth graders (N-= 90).

o

A posttest consisting of:two parts was prepared. - The first subtest
had eight questions identical to the verbatim questions (target '
questions) in the study guide, and the second subtest had twelve
incidental questiond which covered the' content of the sciepce pas-
sage but were unrelated to the study guide questions. The Kuder-
RicKMardson 21 reliability for the posttest was .79.

: Reshlts ) r

In’ each replication a two way analysis of.variance was used to deter-
mine if differences existed among groups on total scores, and the
verbatim and incidental subtests. For fourth graders on total
scores and for both subtests, two way interactions were found to be
gsignificant. For the unstructured condition total scores for TF Ss.
were sighificantly higher than both V and OE; on the verbatim sub-
test TF Ss scored significantly higher than V; and on the incidental
subtest TF Ss scored slgnificantly higher than‘all other groups.
There. wete no significant differences hetween groups _on the struc-
tured condition. For V, OE, and P groups the unstructured was

1

.significantly higher than'the structured conditionm.

For seventh graders no interactions were significant. When com-
parisons by.structurée were made no significant differences among
groups were found for the strictured condition. For the unstruct-
ured condition’the verbatim group stored significantly higher than
the paraphrase group on total scores. Comparisons by treatment
showed the OE group was significantly better with structure than
with no structure on target questions, and the verbatim grbup was
better with no structure than with structuré: on total scores.

For tenth graders. no interactions were significant. Comparisons by
structure showed no significant differences among groups for the

~structured condition. For the unstructured. condition the ‘true/false

group scored sighificantly higher than .the verbatim group on total
scores. Comparisons by treatment showed that for the true/false
"group ‘no structure was significantly better than structure on total
scores. No other differences were found. '



\‘. ' ‘\
Discugsion

The results raise questions about the advisability of identifying
answer locations in study guidos When comparisons by structure
were made, the general trend was-for no differences) among groups on
the structured condition for all three replicatlions. This suggests
that locating the answera essentially neutralized the treatment
.effects. _ ¢
: . .
Another 1nterest1ng trend was found. In geperal th . condition re- *°
0 © quiring the most proceasing regulted in highest posZtest scores. .
This was indicated in fourth grfide where V unstructured scores Were
_higher than V structured, ‘and unstructured TF were higher than thé . .
other treatmeng groups in general. For tehth graders the TF group
. ‘Bcored higher.t™an the V group in the unstructuyred condition and
‘ ' ' TF unstructured was higher than TF structured. In each case, the
group scoring highest required more thorough- processing (TF Ss had
to ascertain the veracity of the' statement and unstructured re--
quires more processing or searching than structured). Additional"
/’investigation carefully measuring the effects of different types of
questions 19 required before fitm conclusions can be made.. \\
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" THE MODEL AND METHODOLOGY' FOR RESEARCH
Herbett'J. Walberg ‘ -
University of Illinois at Chicago Circle

1]
0 . -

A chief purpose of educational institutions as a service industry

1s to produce learning. General educational research shows that
there  are production factors that are consistent positive corre-
lates of learning and often substantial correlates as well. .
Student learning in science as well as many othet subjetts in the
curriculum appears to depend on eight factors: student ability4
motivatiOn, and age or developmental. level; instructional quality
and quantity; and the social-psyéhological’ stimulation of home,

peer and classrboom environments. Although randomized experi-
mentation with selected factors permits causal inference and esti-
mates of learning returns to the production factors, experiments

are difficult to execute in natural settings. Thus, the investi-
gation of all eight factors simultaneously and the use of multi- >
vidriate statistical methods particularly économetric regression
analygis offer practical means for increasing the effectiveness

and efficiehcy of s¢lence education

Before launching -large- scale research of this comprehensive kind,

it 1is important to assess carefuMy the relation of each produc-
tion factor to learning both in general 3s well as specifically

in science)ﬁdupation Such accumulation of’evidence, meta-analysis,
and resea ‘j synthesis (as it has been variously called) can be
done by eating studies or-statistics within studies that are
tab ed across studies as units of analysis. A population'or
sample of studies may be drawn, and the usual simple ahd advance
techniques may be applied. .The statisjitcs analyzed can include-
the signs (positive or negative), the magnitude (such as correld:
-tions or effect.sizes), or probalfilities of ‘the relations. In .
additgon to estimating the overall effect size on, or correlation
with, learning for each factor, thé‘dependence of the relation on:
sample characterigtics such as size, sex, and grade level; cénstruct
or psychometric properties of the factors; and mathodological fea-.

¢
.
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- Methodology

A SYNTHESIS AND CRITIQUE OF SELECTIVE RESEARCH“ON ABILITY,
DEVELOPMENTAL LEVEL, AND QCALITY AND QUANTITY

OF INSTRUCTION INFLUENCES 1IN SCIENCE LEARNING
h .
. . - . -\l '- (&‘ * .
R __F. David _B,lea_nsgr.- S S

w

Univergity of IIIInqis_at Chicago Circle
- Chilcago, IL 60608

I

Walberg's (1978)—Prodﬁct1vity Model identified eight constructs

"substantially related to school learning. The purpose of this’

study was to review and quantithtively synthesize the 1963 through’
1978 grade 6 through 12 science education research in four of those
construct areas. The. four cqhstructs are ability, age or: develop-

~ mental level, “and quality ‘and quantity of imstruction. A qdanti-

tative synthesis over this period would provide researchers and -
practitiqners ‘estimates of the degree of influence of each con-
struct on’'science learming, Mldentify gaps and weaknesses in the
regsearch, and provide a basis for policy decisions.on research
needs in science education. These objectives are in harmony with

the needs expressed by the NARST-NIE Commission on %gbeafch'Pfior-'

ities 1in Science hducation (Yager, 1978). -
{
. « ¥

Beginning with the ERIC bibliographies and annual reviews of
science educdation research as guides, published studies with grade
6 through 12 students in the 1963-1978 period were scanned to
identify all correlational or experimental studies relating any
of the four constructs to cognitive, affectivé or psychomotor

~gcience learning. Glass' (1978) techniques of meta-apralysis
were applied including numerical coding of approximately 40

study characteristics per study with reported correlations or
effect sizes .as dependent variables. Computer analysis of coded
information was employed where warranted by the quantity of coded

‘infprmation. Relationships between the dependent variables and

study characteristics were investigated. Of particular interest
were the relationships of the quality of measures used, subject
characteristics, and study design features and flaws with the
correlations or eftect sizes

R )



Results and Conclusions

Thirty-four studies relating ability to learning outcomes in

science wére found to be highly consistent in mean cdtrelations
across ability and outcome subcategories.. The study characterx-
fstic accounting for the greatest amount of non-random vatiabil-
ity in reported ability-cognitive outcomes correlations‘ﬁas the
reliabLlity of thq ability and outcome measure. . : L

w4

Fifty studies 1n five subconstructs of ‘the quality of instruction
construct revealed mixed-results on the effectiveness of various

experimental interventions: Published studies on the use of pre-
instructional strategies, especially behaviorial objects; studies

~on training in scientific thinking; and studies on the'use of more

realistic or concrete adjunct ‘materials showed the greatest posi-
tive effects on conceptual learning. Directior deductive strategies
appeared more effective in lower grades while inductive or indirect
strategies were more é¥fective in higher grades. Only three studies
on gquantity of instruction were found, each showing little impact

on learning. -

Y .
Twenty-three studies reiating age or developmental level to science

"learning showed ability 'mgasu res to be bétter predictors of

science learning than ate measures of Piaé&tian stage or logical
operations. A slight rise#n the growth of logical operations
was found 'in the grade 7 to 9 period. Age or grade level was
found to be a poor predictor of science learning.

- Recommendations« for future research include more féplicatioﬁs of

studigqg and more consistent reporting pracedures.
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MOTIVATION, HOME AND PEER
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~ Walberg's '(1978) Productivify Model identified eight constructs
. substantially related to school learning. The purpose:of this
\\\\_ synthesis was three-fold: . ' ’

1) To provide researchers and practitioners with
estimates of the influence of the constructs of
student” motivation, home environment, and peer
environment on science leayning;
2) to ident}ié‘gaps and weaknesses in the science 7 : Q, e
education-\tesearch; and, S ; - S s
3) where results are sufficiently conclusive to '
‘provide a basis for educational policy deci-
glong. dnd research needs in science education.

. . ; . >
L

- Methodology _ ' S

- / . :
-Using ERIC bibliographies and annual reviews of science education

- research as guides’, published studies with grades 6 through 12
- students in the 1963-1978 period were scanned to-identify all _
- ' . correlational or experimental studies relating any of the three ' co

constructs to cognitive, affective or psychomotor 'learning in

science. Studies located under construct areas were numerically
+ coded according to approximately 40 charactefistics per study

‘reflecting methodological strengths .and weakhesses; and the charac-

terization of the sample, construct variablds, and science 1earning
. outcome. ;

¢




chults and éohclusiond

The vesults of the literatu‘e search apd selection undertaken
chealed only 20 studies in these three construct areas: 5 of
motivation, 13 of home environment, and 5 of. peer environment.
Sitvce the number of studies located in each area was- limited,
quantitative meta-analysis of correlations and "box scores"
was carried out.

The synthesis of results from these studies indicate that student
motivation and home and peer environments are important<correlates
of science learning that deserve greater attention from sgcience.
educators than they received in the past. Results observed for

these constructs in science were ﬁlso found ;o'beusimilaf to those
of meta-analyses conducted in general education. This finding
suggests that social and psychological factors on learning are
independent of subJect area, but further research 18" needed.
Several methodological threats to the validity of the studies °
surveyed were consistently noted. It is suggested that future
studies in these areas 1mp1ement more rigorous designs and
sampling procedures. - 5
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A SYNTﬁESIS AND CRITIQUE OF RESEARCH ON CLASSROOM

ENVIRONMENT INFLUENCES IN SCIENCE LEARNING

o »

Geneva D. Haertel = &
_ ] e __University of Illinois at Chicago Circle i . .~ . -
' Chicago, IL 60680 . . ' ' .

This paper reports a synthesis of research on the relation of
socio-psychological environment to cognitive, affective,” and
behavioral learning outcomes in science education as well as other
subject areas. The socio-psychological environment of the class-
room was identified by Walberg (1978) as one of eight constructs
. ‘hypothesized to be related to. academic achievement. The purpose
‘ of the study was to estimate the magnitude of thig relatiohship, -
’ and its variability across grades, subject areas and aspects of
the learning envirqmment considered. The study shows what kinds ' ¥
. of classroom environments are most facilitativ{ of science learn-
ing. . , . %» ‘
) 3y . . coo
A total of 734 correlations were analyzed, from‘a comptehensive -
collettion of 12 studies of 10 data sets on 823 classes in 8 subject
areas, encompassing 17,805 students in & ngtions. All of these
_data were taken from studies carried out in naturalistic classroom
settings, and all were simple, part, or partial correlations be-
tween student perceptions of the socio-psychological climate and
end-of-course learning. The strengths of these relationships w
gstudied_as a function of various 9ubstantive and methodologica
_characteristics of the studies from which the correlations wer
- taken. A range of techniques were employed, based upon tha woi
A of Glass (1978).

Methodology

A search was made of Dissertation Abstracts, Education Index, Psych-
‘ological Abstracts, Social Science Citation Index, and, since much '

of the relevant research involved science curriculé the annual sum-

maries of research sponsored by, NARST for the years 1963 through .
1978. All studies involving naturalistic clasgroom settings that: : -
reported simple, partial, qr part correlations between student ’
perceptions of socio-psychological climate of their classes and
end-of-course learning Wwere selected.. Information on eight charac-
teristics was: recorded for gach correlation taken from these s Gdies:

» e
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National location of the study, grade leveL and number of students,
unit of analysis, type of correlation, type of socio-psgcholpgical *
perception, outcome domain, and content area of sub ject-matter.
. (biology, physics, etc.). 1In all analyses, the correlation of

environment perception and learning outcome was th& -dependent”
variable. The efight chdracteristics were used as- indeandent
variables. Several-analytical techniques were used: simple tab“
ula%idhs orrelation-weighted one-way analyses of variance, and

kS

weighted Multiple regression analyses . SN

'

Results and Conclusions\ : oo , .

\

Tt was concluded” that ‘the magnituda, of the correlations was®"
dependent upon the aspect of 'the socio- psychological classrom
environment measured, the unit of analysis for which the correla-

tions were computed, and the nation in which the study was con- . \,~.3

ducted. Learning outcomes and gains, including student acheive-
ment, performance, and self- concept were found to be positively
assoclated with student- perceived Cohesiveness, Satisfaction,

Task Difficulty, Formality, Goal Direction, DemocraCy, and Material
Environment. Negative associations were found with Frictionm,
Cliqueness, Apathy, and Disorgapnization. These findings were
largely in accord with theoretical predictions made by Walberg
(1969). Of 36 hypotheses, 31 were supported. Correlation size
did not depend upon the number of students ‘tested, the wsubject
matter taught, the 'learning outcome domain (cognitive, affective,
or -behavioral), or the presence versus, absence of statistical
adjustments for ability or pretest scores. °®
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Rationale qnd O'Qject“ives , ' K . ) o

‘MLthodoLogy and Design a T L

The - cognitiVe preference construct- (Heaq?, 1964) an application

of cognitive styles to science educatig , has. been successfully
applied. to the evaluation of high schod® science curricula.. How~, .
ever, important questions regarding the validity and interpretation
of the construct and technidques for ddta analysis still need'to be
resolved (Brown, 1975). As a part of- a gsefies of validity studies,
this study was designed to investigate the convergant validity of,

the cggnitive preference construct and to develop and test new tecﬁv_

niques for aﬁalyzing cognitive. preference data. 9 N

@

. e
1 W

S

Two- instruments were cbnstructed to measure cognitive preferences
in alternative and more natural ways than conventional ins&ruments,
These and -a conventional instrument were administered to 71 elemen-.

.kary educatiaon majors in a midwestern, university and the results

were analyzed utilizing a multitrait-multimethod design (Campbell .
and Fiske, 1959). Furthermore two stptistical'indices of distinct-
ness. of cognitive preference pdtterns were develaped; .one for use’
with>ipsative (ranking) data and one for nermative (rating) data.

-

)

gy -

y
k!
%,
1




R ’
o

ke
&

SR Al

N

Instruments aund Data - - — - - S . - e

The Science Cognitive Preference Inventory (SCPI1) is a conventional L
instrument which follows the format develgped by Heath (1964). - T
Cronbach alpha reliability coefficients-in college: samples have L e
been better than:wl5 for each of the four preferencé modes when a" T
rating procedure was followed and better than .60 when ranking

procedures were employed. '

questions from which ratings of student behaviors could be dprived

In the Teacher Rating Instrument teachers respond to. fourtigﬁ
whizh by defdnition are indicators of cognitive preference fsuch”® .

.. ag:i reacting critically to. scientificLinformstion,_beingsinterest=w~mw_u__e___;
+ed in applications of science, or having a«tendency to learn by’ :

{

rote. _ .
_ ' _ - R

In the Reading Instrument students are asked tq,indicate most

and least interesting sentences in each of thef@ifteen- paragraphs

of a science reading covering four different topics - Objective

‘scores are derived from the gcognitive preference classification

of these sentences; . %

-

?

Results and ConcLusions

.\aww
Correlations’ 6@ Q (quéstioning) and R (recall) with R, P (princi-
ples), Q, and A (applications) scores across and within inetiruments .~ ~. .
fulfilled most of the conditions for tonvergent validity. The . *
_correlatiors were higher in_a subsample of. students with highly
~distinct 'patterns of cognitive preference scores, a finding which
" strongly .supported the validity of thé Q and R modes of cognitive _
preference. Correlations of P .and A with R, P, Q and A scores |, -
only partially fulfilled these’ conditions, indicating -weaknesgses -
in the P and A preference modes. w . RS

-

Correlations of Qﬁgnd R within and across instruments s;}ongly

'supp@rted the interpretation of Q and R as opposite poles of .

one dimension which’'could be called: "critical thinking." .=

tools ‘in the validity study. They also ded impotrtant infq;-' -

The indices of'distiln.ctnessofcognitiv!pref'erence .were useful

mation regarding the nature and interpr on of cognitiva.pre=
ferences.. The indices may be used as individual characteristics
in their own right ~
: [4
The study was successfully replicated in a sample of high school o

' students' g ; _ 5
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- Rationale and ijectives o . _ ’ .

a

_ Curriculum guideés and textbooks include integrated science process

l - skill outcomes amogg' those important fer secondary school students : -
' to acquire. Along with learning science content, these students )
are expected to learn, to develop such skills as stating hypotheseq,
operationally defining variables, designing 1nvestigations,j nd in-
N . terpreting data. But if schools emphasize these skills in.ﬁ?'fruc— -J

tion, they also meed a means tq see whether they are acquiredi The v
purpose of this project was to develop a valid and reliable test of %
the integrated science process skills for studenta in secondary
schools. . '

Design and Procedures v

Y

A hierarchy of integrated science protess skills was developed
that began %with simple skills and lead to the- ulpimlte task of
planning and conducting an investigation of a hypothesis. Multi-
ple-choice test items were developed for each skill in the heir-

t e archy. The items were designed to be nonsubject gpecific, that
S L . 1is, test items were based on content from a’ variety of gscience ' ° -
' PN fields '

kY

The test that resulted was submitted to a panel of science educa-
" tors to determine if it was valid and objective. A cross section
of students from six large schools in two states were used to
" tryout the test and provide normative, data. . The test was first
administered to approximately 300 students 1n grades 7, 9, and 11.
Difficulty”and discrimination. indices for each item: and an assess-
ment of the test readability level were used to make revisions in
items. The revised version of the test was administered to a '
second ganiple ‘of approximately 700 students in grades 7,9, and 11. o

o
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Instruments and Data

The Integrated Process Skills Taest consists of 36 items in a
multiple-choice format with four alternative responses for each
item. The reading level of the test was originally 11.2 and
reduced to below 9.0 for the second version.

To assess the content validity and objectivityxof the test four
expert ‘raters were used. For a total of 144 responses (4 r&tera
x 36 items), the experts agreed with the test developers on the
assignment of tast items to objectives 95% of the time and agreed

with the scoring of the test 977 of the time )
C—— ‘ . - . . P - P, R - . - e e —

‘The first version of the test was adminigtered to a sample of 308

students (grades 7, 9 and 11). rhe mean of the first version

wds 18.75, standard deviation = 7.59. Reliability (Cronbach'a ot)
of the first version was equal to .88. Thé mean item discrimination
index was .39 .and the average item difficulty index was 527%.

’
¢

The second version of the test was administered to & sample of

711 students (grades 7, 9 and 11). The mean of the second version
of the test is 18.99, standard deviation = 7.60. Reliability is
equal to .89. The mean item discrimination index is .40 and the
average item difficulty index is 53%.

In addition to the sunmary data given éBove normative data for
the three grade levels on each of the inbegrated process skills
will be presented

Results end Conclusions

\¢ | ' - ~
The agreement of the raters with the test developers on the assign-

ment of test items to objectives and on scoring was taken as evidence

that the test has content validity and is objective. . TH& results

of the analysis give evidence of. acceptable reliability for the,

test. It was concluded that the Integrated Process Skills Test " >
1s a valid and reliable instrument for assessing the acquisition °*

of the integrated science process skills by secondary science

students. -
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AN INVESTIGATION OF THE RELATIVE EFFECTIVENESS

OF INSTRUCTION IN FORMAL REASONING OF CONCRETE OPERATIONAL

t

SEVENTH GRADE AND COLLEGE STUDENTS
( . | . . ’ .

g
.

T S

Anton E. Lawson

Arizona State University -
Tempe, AZ 85281 .

‘OBjeccivoo and Rationale.

The présent study has as its primary objective the determination
" ) of the relative effectiveness of instruction designed to teach
< concrete operational seventh grade students (ages 11-12 years)
and concrete operational college students (ages 20-24 years) how
to reason formally with respect to two aspects of formal reasoning
-- probabilistic reasoning and.correlational reasoning. Secondary
objectives include determination of the amount of variance in
«.responsiveness to instruction accounted for by initial level of
g intellectual development, cognitive style, and verbal IQ‘
It was hypothesized that ﬁhe concrete operational college students
would be more responsive to instruction than the concrete opera-
tional seventh grade students in that: . -

1) their biological maturation in terms of brain
growth is complete wheréas the brain growth
of the seventh grade student's is not complete
(Epstein, 1978); and, :

2) they have«accumulated a greater store of general
experience during adolescence and early adulthood
that can serve as- a pool of connecting or general-

- o izing experiences to help cognitively anchor the

’ instructed aspects of formal reasoning.

‘
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Me;hodology and Design

The study employed a modififd version of the btanhdard pretest-
posttest control group design. Fifty seventh grade atudents _
(mean age = 12.5 years) and 62.college students (mean age = 23.6
years) ware cargfully selected and -matched on the basis of level
of intellectual development and verbal IQ, Subjects varied with .
respect to degree of field independence and of course age. Both
groups were then given identical instruction on two aspects of
formal reasoning ~- probabilistic and correlational reasoning.
Instructive techniques employed were based upon previous research
(Adi, Kerplus, Lawson and Pulos, 1978; Fischbein, 1975; Lawson
and Wollman, 1976). Posttests followed to assess the degree to
“which the tnatruction proved effectiver " "~ .- T

Instruments_and Data

Y

Lawson's '(1978) 15-item Classroom Test of Formal Reasoning was

used to asgess levels of intellectual development., The Group

‘Embedded Figures Test was emplQyed to assess degree of field
\\\dependence»independence (Witkin, OLtman, Raskin ahd Karp, 1971).
Verbal 1Q was assessed by a serieg of verbal analogies (Shipley,
1940). Data were analyzed with both descriptive correlational
and experimental &halysis qf variance techniques. Posttest tasks
included items requiring probabilistic and correlational reason-
ing contents familiar and unfamiliar to the subjects.

¢

Results and Conclusians

B )

-~

The mean score. for the seventh grade subjects on the test of formal
reasoning was 6.6 out of 15 possible (S.D. = 2,6), The mean score
of the college subjects was 6.5 (S.D. = 3.4). Thirty-one percent
of the seventh grade subjects and thirty.percent of the college
subjects were found to be concrete operational. Mean.score on

N the measure of verbal IQ was 13.7 out of a possible 20 points for
both samples. The seventh graders proved more field independent
(X = 12.0) than the college sub jects (kX = 7.8).

Overall the college subjects performed significantly better (p'¢ .01)

than the seventh grade subjects on the posttest measure (X = 16.8

and 12.2 respéctively). The concrete'Operational college students
correctly answered nearly twice as many items as their seventh: grade
counterparts (X' = 14.3 and 7.5 regpectively). Verbal IQ and field
independence were gignificantly correlated with posttest task )
success. . . L - ' *
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Stgnificance

b AN

Two important educational i@plicationa can be drawn:

, 1) instruction in aspects of formal reasoning, even if
o /- it occurs after the normal develbpmental period (ages
' . 12 - 15 years), can be successful and should be .
pursued; and,
2) training of" conorete operational students early in °
the developmental period for formal operations may

rprnmature and may be more successful 1f delayed.

P
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"In this model the application level was said to Lcorrespond - ’
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“+ _RELATIONSHIP BETWEEN LEVEL OF
COGNITIVE DEVELOPMENT AND ACHIEVEMENT. )
_ AT FOUR LEVELS OF BLOOM'S. TAXONOM¢ FOR ~ | .

JUNIOR HIGH SCHOOL STUDENTS o

J. Michael Russell :
Averett College
Danville, VA 24541

Eugene Chiappetta . i -
A
University of Houston
. Houston, TX 77004

The paper rﬁports the results of an investigation into the‘pos-
sible  relationship between eighth grade Earth Science stu ents'
cognitive developmental level (as measured by a writtengggst '
developed by W. M. Grey) and their ability to answer quedtions .
at thQ‘knowlqgge,-comprehenqive, application -and analysis levels__";h_fiﬁwn_“mu
of Bloom's Taxonomy ~

As part of the author s dissertation study a model of problem
solving was proposed and theoretically-linked to Bloom's Taxonomy.

to the typg of student behavior which could be classified as
problem sblving. Six weeks' of instruction was given to 274
students who were randomly assigned to either experimental or
control sections. The instructiof for the experimental group

" consisted of activittes based on the problem solving method and T . ﬁ

emphasizing student operation at the application level. The - _
control group received instruction in the same content, but in a

.traditional manher. . . . : _ | .

Upon completion df the instruction, all students took a 40 item
multiple choice test made up of. equal numbers of questions from ° !
the four taxonomie 1évels. -Subsequent analysis of the data =
showed that the experimental group outscored the control group L o
on each of the four 'levels (p €.001). The results’'of & discrim- ) '
inate analysis led to the conclusion that the analysis level

questions contributed most to differentiating the two groups’

~and aupported the major hypothesis‘of the study, that activities

S
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— _ N patterned a¥fter the problem solving model contribute to a : B
student's ability to thigk at higher levels as measured by ‘
Bloom's Taxonomy.

The same students were also given the "How's Your Logic Test" R
devised by Grey. The proposed presentation will examine the Co
possibility of a relationship between students' scores on each -

of the four taxonomic subscales of the achievement test and

their Plagetian developmental level as determinéd by Grey's

test. The implications of the presence or absence of such a S
correlation will be discussed with reference to classroom. ' .
teacher behavior and types of activities appropridte Lo
_for.middle apd junior high school students. ‘
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| CONCURRENT SESSION C and D S
“(’ ) . . Y . e -
‘Session.C-2 and D-2 - Techniques and Procedures of Research °
. " >
““-“i-mw;w“m'mficpic{"_-q_'-'. - Single Subject Deaigns for Sciencé'ﬁdacntion . ;_mp_ :
) : Research -- The Unsung Paradigm
X3 ' Donald C. Orlich 9 S ‘
v ‘ Macarena Figueroa -
Washington State University v
. Pullman, WA 99164
N T Lo "“' |
P .
The theme of the 1979 NARST Convention was the "Impact of Learning."
Paradigms in Teaching Research." Garl F. Berger' s conference
address "What are the Implications of Paradigm-Based Resdarch for
Science Education Research' tenided to support traditional research o
desighs. The major presentations at a general session stressed: . S
: 1) 'Recepéion Learning (Novak); = '
2)" Hierarchical Learning (Jones); and,
. " 3) Developmental Learning GLawson).
~The nation's leading science education researchers had no formal -
presentation about single subject paradigms at the conference i
No paper's using single suhject design have been given at, the ' "

-last four NARST conventions. ~ An intensive review of JARST issues
. from 1967 to present failed to reveal one published .paper. using
single subject design (SSD). It may be inferred that NARST members
‘ *  are either unfamiliar with SSD or are not uging SSD in their re- o e

search efforts. v ' o e
. ) ' . R . . (. )
The\objectives of this presentation dre'to: e N
1) describe the basic rationale .and procedures of SSD - DY

2) analyze selected SSD models for their appropriateness
to science education; and, :
3) describe the applicability of SSD to NARST members.
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The use of SSD as an evaluation tool will also be preaented As

S8D may be used with as few subjects as one and as many as an
entire group or classroom of students,.the concept of’ replica- -
tion will bs noted. L\\h

With the current stress on accountability and the congomitant .
scarcity of science .education research funds, members of NARST
must .learn new and powerful research designs. Finally, with,the
advent of PL 94-142, The Education for Al] Handicapped law, more
- sclence educa;ors will focus 'on research with handicapped child-
ren. This specific: group.is too small to use the traditional
research paradigms, thus SSD will be regquired. '

1_Fina11y, ve will suggest studies previ&ﬁhly publiahed 1n JARST
* thiat- could have utilized SSh. . i
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. 1977); a series of case studies (Stake and Eagley, }978) and a

. . STATUS AND NEEDS OF SCIENCE EDUCATION:

'A REPORT ON PROJECT SYNTHESIS

b 4

k] N - . coa
M .

‘Wayne W. Welch

S ' /_ Minneapolis, MN 55455 . "t - e
. / Ronald D. Andetson Q

' /‘e;“ University of Colorado
o Boulder, -CO 80302

y Hﬁrold pPratt . . | 1“ . :

Jefferson COunty Schools vy :
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In 1976, the National Science Foundstion sponsored three large-
scale studies of the status of science education. Contracts

“University of Minnesota. ~~ ~ T T

were awarded for a literature’ review (Helgeson; -Blosser; and-Howe, . Nf....em“ni

national survey of gurrent practices (Weiss, 197§) The informa= | L
tion generated by ‘these studies was eXtensive and reqiired further

synthesis. | - . g T o,

v

In 1978, the Foundation funded a’ research prOposal designed to pro-
vide interpretive consolidations of these three studies as- well . =

as the three national asséssments that had been carried out in’ ' ) L

science. Project Synthesis is a data reduction and interpretation"*« ,
project whose purpose. is to-give meaning to the vast quantity of '
information recently available in science education. Jn this paper, .

we describe the data synthesis process dnd repotrt the- ma jox - £ind: " - B
ings of the study Implications tor edUcational policy ‘are. -also .
discussed. : C
The research plan used by the ProjeCt Synthesis group was:'a three-
stage discrepancy strategy The actual ' state of affairs as describ- "
ed in the four: primary data sources was compared to a pte-deterinined .
“desired stdte in ordet to identify discrepancies.  Gro s—of consul-

! tants, repre%exbing EiVe different perspectives (biolo ical science,

3 o ’ Vo
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physical ience, inquiry, elementary -science;. scienqe/societx/
technology)’ defined what they gonsidered to be a desirable atatusf_

. for the discipline. The infommation sources were then perused to

-and dctual state were identified and ‘represent the major findings-w-»- .
" of the stud& These include:

S | | barriers“rather than facilitatovs to Eﬁé'implemonta- T

G

determine the actual-status. Discrepancies between the desired

1. The desired state of affairs for elemeptary science,
as defined by the group of educators, 1s not- accepted
nor valued by parents, administrators, and most teachers.'

2. Present societal and school conditions serve to abt
tion of . the desired science program

3. Elementary teachers are no&wprepared nor interested

}

in teaching science. - ’ . ‘aé

4, The biology presently taught 'in the schools, and baged
on the structure of the dtscipline, differs in philo-
4 sophy, historical perspective, goals and content from
the human- oriented biology advocated by the biology

o focds'grOUp . . g
'S." The contribution the”bhysical sciences can make to
- pérsonal needs, *societal issues, and career preparation
@ -18 largely ignored at the expense of emphasizing funda-
~ mental knowledge of the discipline ' . . '

4’\;%'-.

LIS

6. Science, especially physical science, is\not a valued
* part of the public.school curriculum of general educatiOn
for all stlents. . _ @
7. The desired classroom practice, contextual support, and
" student outcomes that would indicate student undergtand-
ing and application of the processes of scientific
) inquiry ate far ftom being met . , . ‘ .
‘8. The educational System has systematically excluded, not
" only the study of techgology, but the study of science .
and technology as it relates to and interacts with the
hanging society
The conclusions reached by the Projecb Synthesis group do not present
a very .encouraging picture for science education.” The image is further
»darkened by the fact that we have just come through an extensive 20~
yéar period of federal Support. -However, the defined ‘discrepancies.
do sqggest severdl -recommendations for the fyture and are presented
in the ‘paper. The underlying theme for the’ fecOmmendati ns is-
responsiveness " We believe  those chargad with' the teaching and

A(*‘
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and of society

learning of acience must actively respond to the environmental

- forces that. decarmine ‘what science education will-be -taught-in the-- - - - S

schools. Chief among these are the social environment of the schools,
including parent and teacher values, -student characteristics, our
current knowledge of -pedology, and the nature of scienge. We must

- be ‘sepsitive to all of ‘these factors if we ever hope to pravide e

the kind of science program needed by our children

-We are at the dawn-of a new era in science education, We seem to
-have failed in our effor'ts to shape education by relying on the

specialists 'in the subject matter disciplines. It is time we turn,

instead, to those people intimately involved in education for new

direction and guidance. Let us hope that the joint efforts of,

teachers, school managetrs, parents, and sclence educators are suc- - T -
cessful in medting the changing and complex needs’ of individuals o )

s + a
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CONCURRENT SESSION C AND D . .
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Session C-4 and D-4 Techniques and Proctedures of Research
ﬁ. I ‘
" Topic:  Applying and Interpreting Multiple Linear
> Regression Analysis Procedures

Arthur L. White

i " The Ohio State University.
Colupbus, OH 43210 o

. Cgfl ngBérger

Univérsity of-Michigan
Ann Arbor, MI 48109

&

‘% :
Thris session has been designed to provide' a general conceptual

base for multiple linear ‘regression so that participants can bet-

ter apply and interpret the results of the application of ‘these
procedures . The session will be conducted with application as
the majo% focus. The knowledge of multiple regression analysis

content of the session Examples will.be distributed and dis-
cussed throughout the. ion. It will be assumed that ‘the
participants have basic knowledge of correlation and. simple,
analysis of variance. All participants should bring a calcula-
tor which has the four basic functionswand a square. root”> key.

N
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. necessary to set up the control cards and interpret the resyltgs
. for the BMD and SPSS computer programs will be’the conceptual ”
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AN\ANALYSTS. AND COMPARISON OF ELRM*RY
. _ - PRE-SERVICE 'AND IN-SERVICE SCIENGE TEACHERS' ",

BELIEFS ABOUT TEACHER CLASSROOM BEHAVIORS

A . Willis J. Horak\-i

 University of Arizona
Tucso{n, AZ 85721
A

*

Teacher attitudes and heliefs have been studied by educational
researchers for many years., Early research studies by. Kerlinger
(1956), Ryans and Wandt (1952), and Gibb (1955) have suggested = /
‘that there are common groups or dimensions of behaviors and o
beliefs about educational practice. Wehling and Charters (1969)
later identified eight dimensions of teacher beliefs that were
not unique to patticular populations, and Sontag (1968). analyzed

® the dimensions of teacher perceptions of classroom behavior

samples. In the area of science education, recent studies have
been reported by -Bybee (1975, 1978) and by Horak and Lunetta
(1979). These studies have generally shown that groups of sci-
ence teaching behaviors may be prioritized and that types. of
science teachers may be identified relative to their beliefs
_ about the importance of specific science teacher behaviors in
- the classroom. . .

and'- identified four recognizable factors in‘various teacher %
v

\ -

The main objective of this study was to see if specific science
teacher types could be identified among elementary inservice

and preservice teachers. Additionally these science teacher
types for each sample were analyzed for their correlation with
previously reported teacher types identified in junior and senior
high school science teachers.

Q-methodology andvtecﬁniques were used to analyze the belief
patterns of teachers with respect to statements dealing.with-the
classroom behaviors of science teachers. The ingstrument used was
the Science Classroom Behavior Q-sott (Horak and Lunettq "1979).
: - This ¥nstrument has. reported content validity and test-retest
= . reliability of 0.810, The sample for this study consisted of 80 A
" preservice elementary teachers and 80 inservice elementary
teachers from a regional area. In Q-methodology, selection of
the participants is not usually done. randomly, but -rather they
are chosen to represent identifiable divisions of the population

48 N
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handling all phaqeg of Stephenson's Q-analysis.

~ with whichi‘the study is concerned. For this study, background

characteristics and grade preferences of the participants were
used to help identify relevant aegments of the teacher popula-
tion. - '

The data consisted of the 160 pa;ticipanﬂs sorts of the 80 behav-
ioral items into a quasi-normal distribution. Beliefs about the
relative importance of\specific science. teaching behavior were
determined by item rankings on an 11 point scale ranging from
perceived most important behaviors to perceived least important
behaviors. The data obtained was analyzed using an extended
factoring program which provides a single-execution method for

Similar science teacher types were identified in both the pre-
service and the Jdnservice samples. These science teacher types
were additionally found to, correspond closely with types previously
identified and repomted for junior and senior high school science
teachers. The percentages of teachers identified with each typeé
were, howeveér, different. Descriptions of the science teacher
types also showed that they could generally be assoclated with
underlytn& psychologital theories. These restlts extended the
genetalizability of the previously reported regearch to include
elementary preservice| and inservice science teachers.’ They

also indicated that it\may be necessary for future research on
teacher beliefs and belNaviors to consider teacher actions in a
more global sense, as well ag’ for science teacher education insti-

tutions to include modules in their curriculum that relate to

relevant behaviors for these-broad categorizations of science -
teachers, g
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. USING SCIENCE ACHIEVEMENT TO

VALIDAYE STUDENT TEACHER COMPETENCIES

Willfam Capie )
Kenneth G. Tobin - \
Margaret Bowell "

s EEE R ~-University of-Georgga

n_ oAthens, GA 30602

Objectives ) _ . N ; ‘u .

S

This study was designed to determine the validity of competencies
which are the basig of professional‘teacher 'certification.
f ' S - :

~ Rationale . .

Georgia is implementing performance assessment as part of the
teacher certification process. The Teacher.Performance Assessment
Instruments (TPAI) (Capie et al, 1979) have evolved over a three
year period to assess essential competencies. Competency délection
and instrument development'were described earlier (Okey and Capie,
1979). A preliminary edition was used in this study. Each compe-

. tency is defined by two to five specific behavior 'statements called

indicators. Each is rated on a five-point scale representing de-
grees of increasing proficiegcy' The five scale points are defined
to reduce ambiguity and enhanhce interrater agreement.

¢ 4

The instruments have been studied extensively to determine their _
technical characteristics. Modificatiouns have been made hased on
formal and informal feedbacK, ‘studies of interratér agreement . and
Jinternal consistency, factor-analyses, and various validity investi-
gations. The best measure of validity has been considered the
ability to predict student - achievement. Consequently, this study
was planned to determine what portion of the variatton in pupil
achievemdnt could be attributed to measures of student teacbers
competence. e . \

- AR

Methods

Thirty-three undergraduate interns in eafly elementary. education
and several hundred elementary pupils participated in the study:

L
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Interns visited classrooms for two dayg early in the first quarter
of a two quarter senior internship. They returned to campus and
prepnred a short science unit for use in the schqool. During the N
first full week of school -activity the unit-was implemented. In-
terns were rated on the TPAI by their science fnstructor as well
ag an instructor in gengral methods after independenc observations.

Thirty-six TPAT indicators comprising twelwe compecencieJ/;ere
rated. In addition, factor scores bgsed on analyses by Tobin et
al (1979) were computed. All scores were available fvom both
data sources as well as from the combination of the two.

{

“Pupils-were pre- and posttested on-unit objectives'with instru: SRR

ments developed by the interns. An etfectiveness index derived
from the pre-and posttests was the class mean of a measure:-called
the percentage of the remaining gain computed for each pupil.

The difference between the post- and pretest (observed gain) was
divided by the difference between the maximum possible score and
the pretest score (possible gain) and then multiplied by 100 to
compute the percentage of remaining gain (split half reliabilicv‘
= 0. 92)

A multiple regression of the factor scores against the teacher
effectiveness index was completed. Pearson product moment correla-
t ions‘were computed betwean the effectiveness index and each
ihdicator ruting and each competency and factor score.

\

Results

A totdl of 71 significant correlations were idengified (p< 0.05)

in the various analyses. A summpary is reported in Table 1. Correla-
tions ranged-to 0.72 for indicg¥ors and 0.66 for competencies. R~
values ranged ce”O;éégu'

Conclusions

1 4 . " -

The results affirm the validitycof TPAI competencies among pre-
service teachers. The most consistent pattern of significant
correlations reflected classroom management skills. The fac&or
scores.which represent all indicators produced significant R<
values ' which is strong evidence for the validity of the competency
set. Instrumenc validity is better studied with multiple raters
to increase generalizability.

.
4
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‘TABLE 1

Correlations between teacher ratings
and pupil achlievement gains in science

e PP e e

* Scierce College _ Combined
Firat Occasion . Instructor Supervisor Ratings
Number of indicators rated , 31 32 T 33
Lo . . 5 R
{ ; i .
Number of significant . . o N . . ‘
“correlattons - 17 - 13 19 o o
Number of Ebmpe;encies rated ‘11 NN 11
‘Number“of significant ' o *

correlations 9 . 4 o 9

ES

)

The complete paper discusses several related methodological issues
such as multiple raters and appropriate inference :level for obser-

vational instruments. . W

References : . .

Capie, W., Johnson, E. E., Anderson, S. J., Ellétt, C. D., and
Okey, J. R. Teacher Performance Assessment Instruments,
Athens, Georgia: University of Georgia, Teachetr Assessment
Project, 1979 - ---—

5 L
L

Okey,- J. R, and,Capié, W. Assessing the teaching competence of
gcience teachers. Presented at the National Association for'
Research in Science Teaching Annual Meeting, Atlanta, March
1979 _ o

Tobir, K. G., Capie, W., Ellett, C. D. and Johnson, C. R. A factor.. ,
analytic confirmation of the cdndtruct validity of the Teacher
Performance Assessment Instrument, Athens, Georgia: University
of Georgia, Teacher Assessment Project, 1979.

NPT P



- . “

¢

COGNITIVE STRUCTURES AND ACHIEVEMENT IN: PHYSICS

y - :
’Ggo;ge Pallrand
David VanHarlingen
+ hd L
Rutgers University 5

New Brunswick NJ 08903
AN

The difficulties experienced by stuﬁents in 1ntroductory college
physics courses are well known. The problems students encounter
in such courges may account in part for she recent interest among
physics teachers in the character of the .cognitive structures which

ing physics may be new to, as well'as under-developed in, many .
students entering college. The dt!ficulties ,experienced by’ many
in the more abstract sciences and mathematics courses suggests

‘that this relationship should be examined. b

fhe thought - processes identified by'Piaget in chSracterizing formal-

thought provide a useful paradigm to examine such a question, This

research examined the availability among students of a one to' one
matching strategy in contrast to a group strategy as these related

. to achievement in physics. Fifty subjects entrolled in a physics

course at the university level participated in the experiment.

The one to one matching strategy consisted of matching attributes
of.a variable to an individual instance. 'The group structure on
the other hand enabled the subject to considex.a population within
which he may be included ?r excluded on the basis of attributes.
Availability of these coghitive structures was determined from.
individual respanses to a propositional logic test. These strate-
gies were further related to the availability'of ‘confirming and
"disconfirming stratepies as exhibited in hypothesis testing
gituations. A modification of the Wesson and Johlnson-Laird P
‘four card task was psed for this purpose. It was hypothe%&zad '

that a confirming stritegy would be used by individualgiusing a ~~ _

one to .one matching strategy while those processing the group . ,
structure wo71d use the disconfirming strategy.

The analysis indicates that ability-as measured by the logic teSt
is related to achievement 'in physics. The correlations between
logic score and the sum of mid and final term grades was .48.

The correlations between the items (copjunction and disjunction)
used as a measure of the availability of a matching strategy .

was .39, while the correlation between the items (implication and
biconditional) used as a measure of the availability of a group
structure was .52. The scores on hypothésis checking items pro-"
vided a correkatibn of .54 with group structure items and .15
with matching strategy items.

<~
N

- students possess. The thought processes called upon in underatand-" ~~~—




structures of many students.

a . - . _,ﬁ-‘) .
N , .

-

. B
) i
.

The correlations between logic 1tem; and the hypothesis checking
task exceeded those with physics achiavement. This suggeats
that students demonstrating the more limited cognitive structures
may attain at best an average grade while those possessing tli.h

more advanced structures may be distributed over the entire ra ge

of grades, with the greatest concentration in the above category.
The eglstence of certain cognitive structures appears to be a ne- .
cessary condition of achievement in physics Availability of

tnore advanced styructuyres does not provide a sufficient condition

for above average achievement. This analysis further suggests that
introductory courses may not fully utilize available cognitive '

£
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\' B ‘ THE RELATIONSHIP BETWEEN LOGICAL OPERATORS AND
; , | a

ACHIEVEMENT .IN UNIVERSITY PHYSICS

Walter Lockwood
George Pallrand , -
- David VanHarlingen

e

Rutgers University
New ‘Brunswick, NJ 08903
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Recent studies hdv€ shown significant relationships between
physics achievement and performance on tasks involving the
analysis of statements relating to logic structures. These
‘statements have emphasized logical operators such as conjunc-
tions, disjunctions, implications and biconditlonal situations.
It appears that conjuhctions and the inclusive disjunetion are
poorer predictors since nearly all students tested possess the
structures associated with these tasks. The combined scores
of the implication and biconditional 'statements .are highly
predictive as are the total combined scores. . .
This investigation deals with the observation thét a very small
subsét of ‘answers or choices are very ndarly equivalent in
predictive power to the total.test score. This subset, called
the "null" set are the included but non—specified items on the
implication and, biconditional statements. °It appears that the
null" set, consisting of 12 itens, was as nearly predictive of
_success as the 64 irem total score. - _ e
The sample for this study is compnised of students from similar
populétions-df first yéar university physics students. The
. .first group 224 was selected from 500 science majors enrolled
® 1in the 1978-79 school year, a second group of 50 frdm 105
* gtudents in the 1979 summer session, and the third group, consist-

ed of 440 of 775 gtudents in the 1979~ 80 school year majoring

-1in engineering .

is tighly consistent. Over the three sequential test periods -
the distributions for the group of nearly 1600 students are very
similar. Approximately 15% of the students taking the test misq
C— 7777 all 12 {items and over. 30% ansyer them all correctl.
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Nearly 50% of all the errors on the test were observed to occur

in this subset of answers. A significant relatlonship appearsa to
oxiat betwean the” total number of theseé items missed and final i
grade, early course withd:aWal and the number of class® dropouts. : a

Comparison of the lower &nd of: the "rull" set distribution scores
with fbwer gradgs, D and F, and dropoyts show a Pearson product o
moment’ conrelagion coaeffient of .3 which is statistically signi-
ficant at!the .00l level.. These results indicate students scoring
low on this 12 item subset test.have a very high probabiltty of
performing poorly in a unive\sity level physics.course. )
Detailed analysis of student behavior when solving extended logic
“type problems indicated rhose missing many items'on the- nu11 set - —
tended to use & one-to-one matching.strategy while those missing
néne or only a few tended to view the larger set of items as groups
‘or in a holistic manner. -S?e,e did lappear to be a transitional
4 state in which the subject Mised a varying mix of the- two strategies. _
\ ~r
Very poor performance on the "nuil" §et appears to indicate that: ‘ '
" these students generally will .earn grades of C or 1owen. tlinical
tnterviews are needed to determine whether the use of a matching
strategy is related to a studént ] Strategy for solving physics
‘ problems.

It
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Frequently students who_ succes fully complete a developmental . N
(remedial) science course .encounter difficulties when they s . S
subsequently enroll' in a college level science course. Reﬂent R ‘
‘research suggeéts such difficulties may be related to, the" unavailfrl - r;;
ability of certain ‘cognitive schemes. Out research examineé*the AN

relationship .between ayailabilitv of a one-to-one matching strqtegy . ‘
: in contrast to = group strategy and achievenient 'in science” courses
L This research, conducted” mong forty four community college develophn-
mental chemistty students and fifty university physics students? S
. provides some explanation for the’ aforementioned difficulties.k Sl
- - . . . Q-" ' e
C
The instnuments used were a logic test @nd a hypothesis chbcking*" “1&
: .task. The correlation amOng the community ¢ollege students betﬂ&env“ o
" logic test score dnd developrental chemistry final ¢ourse gtade wds
* . .59, comparing with a correlatidon of .51 between the same logic
test ‘and final grade 1n the universtiy physics course. The logic
tést was then split 1nto two parts. ' The correlation with fingl
grade between items (conjunction aind digjunction) of the logic test
used to measure the adailability of a one-to-one matching strategy . _
was .53 with.a median score of 28 but of 32 _for'the community colx = _ . .
R . lege students. This -contrasts with. a correlation of .39 '4nd a. . n#;lﬁ':;' R
o median of 31 for tEe university students. The correlation with *'nin »
' final grade betweeh items (implicatidn and biconditid%al) of the 'fmghgisﬁli
logic test used to.measure the availability of the group strategy = X '
was .4p with a median of 19 Jdut of 37 for.the community college - . =~
students. In contrast the correlation was..45.with a median of a Ehﬁl‘v'
29 -for the ‘university students., The significantly 1owér median- e
- score for the community college studenrs indicates that ‘the group . duot o]
‘ ‘ ~ strategy 1is not as fully developed among them as among the univer- ' "
' ' sity students. This contrasts with the {ndividual ntatching )
- . strategy where the medians of the two groups are almost equal and _ "
s * not significantly different, : et

13

rd

A . \ ° R : - ) : LR |




PR

A

'
N . 0 . \
] v

The acore on a hypothesis checking task provided torrelations of '
.46 with groap structur® itema and - 40 with {ndividubsl matching
ftems with a medisn of 1. '8 out of ‘8 f8r the cuinmunity college

students. This tontrasts with correlations of .527and .15 with’ a

'”median of 376 for- thu*untvero&ty»beudé&eswwwb' s

-

to_predominate in achievement. Students who do not possess more

~ o =~

= G - u..

These resutts may, pfovide some»insight into the Hifficultiep »"

Iﬁentountered by students .wheif they complete-a developmental, Bcience

course.and enroll‘h1 a full collegeclevel courge. A lavge comi-
ponent of. achievement {n a developmehtal acience coursa is mastery
of the terminolog\ and vocabulary ‘of the sciedce, a necessary 2
skill, but one with a large verbal component. Th contrast, in
the. college level scdence courses, the logical component tends -

fully developed. cognL%ive structures (those who ‘can utilize one-ta-
ohe matching strategy but not the group structure) are.able to

. successfully complete the deveIOpmental /course but encounter diffi-

culties with the college level courses {n science Those who
possess the more fully developed structures usually encounter pno
difficulties with' the developmental course and ate. able to function

"in the college level acience ¢ourse as, well a8 ‘any other studentsh
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COGNITIVE FACTORS AND-PHYSICS ACHIEVEMENT
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1 T . ‘ vid VanHarlingen - . . : 7

tf_ o George Pallrand

TR _':_'___,_______ e S Cee e .. Rutgers--Univers-i-t:y-' - —— = ' T o
. . - New Brumswick, NJ 08903 . )
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Introductory physics <ourses at the college level have frequently
produced difficulties for many students who had not- encpuntered-
such frustrations with other academic gubjects. A number of "
studies have. attempted to determine whether certain abilities
distinguish successfulc students (those attaining dan "A" or '"B")

. from unsuccessful studeénts (those attaining.''D" or failing grades).

Many of these studies have focussed on SAT scores, basic mathemati- - -

cal skills, Piagetian items, prior exposure to scbence .or mathe-
matics, grade point averages and other broad background variables

This study focused on determining whether ﬁhysics achievement _
"could be related to sets of ¢ognitive factors covering mathematic-
al ability, 1ogita1 reasoning, two spatial dimensions, and yerbal
“ability. The subjects were 519 students, mostly sophomoresx§:mp1e,
ting the first semester of an intioductory calculus-based phygics
- couyse aimed primarily at students majoring in the sciences at .
an eastern state university. Of these, approxtmately 857 also
completed a pretest consisting of a three part mathematics test,
three tests of logical reasoning and three spatial tests. AT
" g§cores were alsoiobtainable for about 75% of the subjgcts.
Principal comﬁonents factor analyses were performed using first
N -~ only the indépendent variables and then including the dependent
. . variable (physics achievement) -The total score on three p%ﬁiics
Sy tests takenh during the semester. _ _ P '_f-j

v

; - The first factor analysis ‘produced two factors: Qne comprised of
' the mathematical tests ‘and logical reasoning tests; the. second
was comprised of the spatial tests. When physics tests were in-
" cluded, they loaded on the same factor as the math and logic
tests. The two factors accounted for nearly 607 of the variance
in the first instance and only slightly 1ess than that in the
second . ..

-'.. ‘\\



A regression analysis was completed using the tndividual tests
to determine the contribution of more- ppecific abilities to
physics achievement.

Thirty percent of the variance in physics score was attributable

to three tests: The overall math abi dity, a test-of prqposition— _

al logic and a test of visualization, When the tests were' broken g

N into subparts, the parts ofithe math test most predictive were o
those involving items from calculus and functional relationships,
and those from geometry-and Lrig%nometly ILtems on tha logic test

e  involving implications and biconditional statements were also

significnnt predictors |

v It appears from these results that a 1ogica1-mathematica& ability . .
" 18 of major importance in succeeding in physics. .Qur secondary’
schools and early college courses need to concern themselves with
solidifying students mathematical foundationg, especially. in
, second and third year courses and developing Iogical reasontng
S " ability involving conditional statements for students intending
. to -major in the sciences. :
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SCIENCE EDUCATION AND BILINGUALISM
- N )

A - ' © Mary Ellen Quinn
‘ Edgewood Independent School District’
~~:~mm4--wm~u~~__——»-;umum—~m-»-m--¢~n}—»mm~San-Antonio, TX -78230-

Cgroiyn Kessler

University of Texas.at San Aatonio
~San Antonio, TX 78230

The purpose of this papex is to present statistical evidence that
] . bilingualism has a posifive .effect on the ability of students to

.- : . formulate scientific hypotheses or solutions to science problems

and then'to offer a possible explanation for that positive effect

together with fts”implications for science education. An explana-

tion of the results is based on Piagetian theory. Implications

of the study apply to language as well as science- education.

The subjects who formed the sample of this investigation were

> sixth grade students in six intact classrooms. One tuneatment o R

‘and one control group were monolingual English-speaking children
from an upper socio-economic area in suburban Philadelphia, . )
/¢ Pennsylvania. Another treatment and control group came from

a low socio-écopomic area in South: Philadelphia. Of this group, .
‘one section was monolingual English-speaking, ahother section .

was Ttalian-English bilingual. The third group consisted of °
Spanish-English bilinguals in a very 1lQw socio-économic area of

San Antonio, Texas. All of the last group had participated in

. - bilingual education programs dufring primary grades, an opportun- '
’ . +ity which had not been available to the Philadelphia bilingual
children. . ] _ .
. . _ R

All subjects in the ‘treatment groups partjicipated in a series of
" twelve gcience inquiry film sessions and six digcussion sessions,
each 40 minutes in length. Each film session, based on a three-
T _..minute §film loop depicting a single physical science problem,.

' "ended with the students writing “as many hypeothaeses: as.xhey,could“
in a rigorously controlled twelve minute period. The individual
papers were then scored using the Hypothesis Quality Scale develop-
ed by Quinn (1975). At the end of the l8-lesson instructional

[} >




period, a new series of hypotheses was elicited and scores from

these were used as the criterion variable. Analysis of covariance
. was then used to compare the following: Treatment with control

groups, soclo-economic groups and monolingual with bilingual groups

of children.’

Q . A madification of Campbell and Stanley's Design Twelve (1963) was
employed with analysis of covariance. Before being given any in-
structfon in hypothesis formation, students in the thrge control
groups/ wvere tested on the criterion variable. In effgct, this.
meant that each control group constituted a non- treatment group,
a technique permitted by Campbell and Stanley's Design Twelve
when its assumptions. are met. Those assumptions were met in this
-study.- -Instruction-in hypothesis- formation. preceded the criterion .
R variable test for the freatment groups. The Hypothesis Quality -
© . Scale proved to possess an interjudge reliability coefficient of
0.94 when tested by the Nash-Beyers interjudge reliability compux
ter program based on Winer (1962). : '
' - X
Results indicate that the treatment groups performed significantly
better than the control groups. There was no significant difference
between the socio-economic groups. The bilingual childred performed
gignificantly better than the monolingual children at both-high and
) low socio-economic levels.

‘Plaget's theory of internal conceptual development offers explana-
tory power [or the observed differences between rhe monolipgual
children and the bilingual children of this study since the'bi-
linguals apparently experience more fully the conceptual conflict

\ that triggers accommodations in cognitive development, a position
that would account for the superior scores -of .the bilingual
children.

The results reported here have implications for science education
as well as language uca®ion. They suggest, among other .thinggy
that students educated more than one language will be better
science problem-solvers than theid monolingual peers. - For science
educators at all levels this could méean the active seeking Of

«

bilingual students. This could in turn mean a closer working rela-
tionship between language and science educators.
~.
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MaeTLee o e

. Community School District #4
'//\\ New York, NY 10035

Theresa J. Jordan

New York Uaiversity
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The ﬁurpose of this investigation was to examine thesrelations
among the predictor variables, verbal ability, academic gelf-
concept, and academic locug of control and the criterion var{ -
able, achievement i.e. ,,overaLl academic, science and mathema-
tics achlevement. Previous studies (Jordan, 1979 Jordan and
Jacobowitz, 1979) conducted at Project City Science with black,
innercity adolescents showed that academic self-concept was more
predictive of academic achievement in boys than in girls,- A

.gimilar trend occurred in science and mathematics achievement

Furthermore, there were no significant ctoss-sex differences in

" academic self-concept. That is, although both boys and girls

held similar perceptions of their academic capabilities, the
relation between these self-perc@ptions and achievement variables
wag significantly stronger for boys than for girls. What. ‘accounts
for this discrepancy? From ongoing classroom obseryations, we
noted that teachers demonstrated differential reinforcement
patterns. Girls were generally reinforced for more stereotypic
verbal behavior, while boys were reinforced for more redlity-. -
based, situation-gpecific behaviors. qu’example, in science
classes -boys were reinforced for '"hands-on' as well as verbal
skills, while girls were only revarded for verbal performance.

Though girls perceived that they cotild perform ﬁcademically, they

may not have-felt they possessed control” oveg actual acnievement
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Hence, the critical affectiye variable in addition to academic
self-concapt is8 academic locus of control. ' Consequently, a
measure of this variable was included as a predictor to explain
this sex difference. :
- )

Three instruments were administered on a group basis to 229

(108 males and 121 females) black eighth grade innercity students:
The, Self concept . oY Acpdemic Ability Scale, the Intellectual
Achievement Responsibility Scale, and_tlte Peabody Picture Vocabu-
lary Test. Overall grade point average, sScience, and mathedatics
grades were the criterion measures. 7To minimize reading problems,
all instructions and iteme were read aloud

T e e e s R e - - o- — R e e - PR —

! . Both commonality and multiple regression procedures were employed
ia the data _analyses. These data were analyzed separately by sex.

Some salient findings were:
1. Verbal ability in combination with academic selfr .
) concept and locus of control contributed sigui-
. : ficant proportions- of variance to overall gcademic
' as well as science and mathematics achievement '
for both sexes:

o 8- .

2. TFor boys, all three independent variZbles contributed
significant proportiong of unique variance to overall
academic achievement. For girls only verbal ability ‘o
.and academic self-councept contributed gignificant pro-
"portions.

-

3. Academic locus of control was not a significant pre-
‘dicitor of science achievemnent for either sex. How-
-ever, it was a significant predictor of thathematics
achievement in boys.
Our hypothcsis that academicllocus of control would explain the sex
discrepancy in relations between the affective and achievement vari-
ables was not substantiated. Results indicated that for females,
locus of control was not a significant "predictor of achievement.
However, for males, it was a potent predicter for overall asg well
as mathematics achiévement. These intermediate-results suggest
a need. for differential reinforcement for the two sexes.. While
enhancement of academic locus of control may lead to higher achieve-
ment for males, it has no effect on females. 1In future analyses
- of these data we need to control for the effects of verbal ability.
and to examine further sex differences. v
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Rationale and Objectivesﬂ

Science is taught in elementary schools to bring about pupil

growth in the cognitive, affective and psychomotor domains of-
knowledge. Beigenhertz (1972) stated that in most classrooms

a major part of the school. day is spent with language arts and
mathematics being taught as mechanical states with little or no
deviation in approach trom day to day. Now science is slowly
being integrated into - that mode causing children to lose interest *
in the process of sciencing Walker (1%73) found that:

1. the use of a variety of strategies employed in

science teaching offered the participants the pro-

cedural option of selecting and utilizing a specific

strategy for his/her own learning style;

v . 2. the application of a "tailor-made" instructional
sequence improved the abilities of minority and cul-

4 . turally different lanrners when direct, specific vyerbal

ingtructions were stated in the lLanguage of their
environment, and, )

1
@

3. the use of action verbs to articulate a specific
objective proved effective in increasing the partici-

-pant's ability to achieve.



The purposes of this study were:

1. to develop an embryohic structure for an experimental
instructional technique in science so that the design
and philosophy encourage the use of varied teaching
techniques in meeting the need of a participating .
learner;

. ' 2. to_measure any positive increase in perfoimance or any

fluctuation in performance regulting from the use of
the technique; and,

3. to-develop and -evaluate an inatrument by -use -of-a- S
' paltiaular Lechnique for isokating other variables

Methodology “and Design

Sixty-seven elementary children from.one school were ysed in a
large group setting from an inner city area. The sample consisted
of 21 fifth grade and 46 sixth grade youngsters, all divided
into three classes. This sample included six Mexican-Americans,
one whice Amfrican, and sixty black Americans. All volunteered
to parﬂicipa e in the study. The behavioral. skills to be develop~ -
ed in the stypdy were dthlnguﬂshing sndmanipulating. The. pro- :
cessess usedlto engender these, behaviors were: .
!
. ' (a) team teaching
(b) 1individualized 1nstruction : /
(c) programmed inst: uction ’
. (d)" laboratory-oriented instruction , sy

&

2

-

ey B .
. The media selection included instructional television, video-tape

b "recording, electromagnetic tape-recordings and 16-millimeter films.

The design used for this study was a one group prete$t-posttest
* . t ime series design which Gtilized multiple measurgment processes
~ on the experimental group and introduced continual treatments
during the time:series of measurement. Stanley and Campbell (1963)
diagrams this in the following fashion

-
7 . »

. 0 02 04 0, X 05 0¢ 04 Og
- - P
' _ ”Instpuments_and Data ' '
i e WN ’ "
* = The evaluation instruments wereycomposed of fifteen 8 x 10" high-
glossed magneci‘ photograms produced by .a photographic chemical

process ' . N » . .
. . ) %

Y




‘ -~ The lipes of force captured on the magnetic photograms were
produced by manipulating magnets beneath photogtaphic paper /
sandwiched between two clear gheets of plexiglass. Iron fillings
were sprinkled on the plexiglass producing the lines of forces .
to be reproduced by the learner.. Written questions were devel-
oped for the study to acgompany a-pictorial diagram of®andomly

' arranged particles: Drawings of symmetrically arranged particles-

4 were also designed to explain magnetized and non-magnetized .

substances. ' ’ )

y A £ .
The statistjcal tests used on data collected were the analysis of i
variance, jgafysis"of multivariate linear model, and the uyni- :
me oo e cogapdare-and multivariate analysis of variance, covariance and | - v
regression for trend analysis. . . .

Resgults and Conclusions

N
. e

The tests of the null hypotheses stated for the study resulted in

. »  the rejéction of certain hypotheses. On measurements 01 o . .-O8
tests of gaifis were made add were significant at. the

.01 level, Repeated measures, between groups and” by groups were
all significant af p % .000l, -There was mean achievement 'in
observation which showed significance at the .0l level. Language
ugage proved significant at the .0l level. The posttest showed no
significant difference for all groups.- Correlations showed that
the participangs were able to solve problems withouf being excel-
- lent readers. Correlations between larnguage usage and concept

‘ developing skills were positive and significant at the 05 level.
Moreover, the study concluded that the difference in use-of the
strategies proVided in this gtudy offered the participants of the
study procedural options of selecting and utilizing the strate-
gies which were suitable for their learning styles; the use of
nonverbal instruments allowed for cultural freedom, and achievement
was significant. L w '

- v
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. ANALOGIC MODELS TN THE LABORATORY EXERCISE: - 8

ONE METHOD FOR TEACHING TO THINK

Gerald T. Johansen, Sr. . .

LT T T oTm i ‘Cornell University -
” . . . Ithaca, NY> 14893

¢ o

Recent writings in educational and science philosophy and in -
educational psycthology have begun to focus, upon the very acti- » o
vities that represent how thinking begins, and how this thinking o
manifests itself in the creation of rhe varidus disciplines of
‘man's inbtellectual endeavors. The products of thds thinking
within the various disciplines are’ the sorting systems which
become the conceptual and methodological means by which questions-
‘are posed and answered within that discipline. The works-of
, .Elkana, Kuhn, Toulmin, and others in science philosophy stress o
that the purposeful activity of conceptual construction is uni-
quely dependent upon the cognitive 'goggles' of the knqgledge “
creator. Ausubel and Novak have articulated a cognitiveé” theory - o
.o of learning which demonstrates how concepts are.learned and how
these concepts become the subsumers so that, new. concepts can be
learned meaningfully. Belth, in an attempt to articulate the
. models of a discipline of educat on, has defined the act of
° thinking as metaphorizing or analogizing. The teaching models,
deducible from Belth's theory of the discipline, become the
sorting\:i:tems by which the teacher and-student can ''see'" the

g

structuke of a piece of knowledge, how that knowledge is created;
and how t khowledge cah later be changed or transformed to

fﬁ%\ " form new types of knowledge.

SR = " This paper attempts to show how these various.avenues of concern
o from.philosophy and psvchology can be merged together to form
e o a coherent theory of teaching and learning. As an egxample of .
this, the laboratory. exercise is shown to be a .paradigm case of -
) : ". o the theory, and a means by which students can be taught to think,
¢ s ~ ', The laboratory exercise, thOught prgviously to demonstrate any . _
S . w7 the "process' of science; can now be used. to demohstrate :a fgcet R
o o pf. the cenceptual nature of | sciengg and: to *teath studpnts that. the Lo
e T B gtonstruction of ah experiamental esign represents auparticular \ .
U ;ukind ofanalogy, one that is 'based upon’ theideas that what happené . C o
" R S, in the 1éb0ratory is an analogue of what occurs in’ natﬂre.. khe- . 5“:”/iﬁ
S ;- tddthl»evidence from .actual classroom eXperiences wtth thls lnl e W
N T teaching strategy will be diSCUSSédxnf ’ . : AT L




EFFECTS OF DIAGNOSTIC T ING ON KCHIEVEMENT, RETENTION,

-

AND ATTITUDES OF WIGH SCHOOL BIOLOGY STUDENTS

Sandrd‘uall Holmes. . - .
~ "Willgam Capie T

Unjversity of Georgia
) Athens, GA 30602

Objectives ' ' \

”l

The purpose of this study was to determine if échioVemént of
high school biology students and attitudes toward the topic
were atfected by using diagnostic tests

Rationale

The goals of[/mastery lqarning would be endorsed by most teachers
but implemenking a mastery learning program is difficult.. Implied.
"in the mastery tearning model 'is pre-testing, 1Astruction based
on test results, posttesting, with reteaching and retesting con-
tinuing until an acceptable mastery level tias been obtained. The
logistics of such a syetem are beyond the capability of most
teachers

Writers (B::ﬁ t, 1976; Okey, Brown, Fiel, 19729 have advocated
beginning to i plement the mastery learning model in a manage- -
able way. Sugg tiohs include beginning with one or two units

or . allowing students to manage scoring chores.
) . \

. " Another dpproach is EQ determlne which elements of the mastery

,leafntng program-are @h&tical to its effectiveness. Diagnostic
wtesting Has beén postulabed as the key element of the program
(Okey, 1974 Airasian, 197 Diagnostic testing has been shown

at the middle school.and coli 8 .- 1eve1 {Saunders, - 1978; Yeany,
- Dast. ahd’ Matbhews 19f9) Cons quently, this study was undertaked

m“*to:ﬁefermihe if diagnostic cesting would affejt achievement among

hﬂgh &qhoolrstudents
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Methods ) - _
S oot e :
The subjects. in the study were 37 tenth grade students in two
Suryey of Biology classes. Because studeants were, asgigned by
computer to classes, no systematic difference existed bgtween .
them. One‘clnss was’ randomly chosen. as the treatment group.
N t w .

The, treatment’ spénned'thtee two - week units.” The same méthods
were ueed in each. class except that .one received only objec-

tives for 'the unit while the other also took diagnostic ‘tests
over .one to thiee days instruction. Five to ten minutes were

3 reqdifed for each test including.scoring by the students; re-

sults were not ‘known to the teacher.

.__; RO e e it m e e i s e i mm e e e e e e - e —— o S

Students took a summative test over each unit and a compr‘hen-
wive test two weeks after the experiement. The teacher-made : B
objective tests were validated against unit objectives. Reli--
abilities for the four tests were .87, .85, .85 and .81, re-
spectively. - v

\
1

Attitudes were assessed with a questionnaire consisting of
statements which the students rated on a five-point scale from
strongly disagreel Scores represented the sum of ‘the values
for all items with\positive values being rated S. Alpha reli-
ability for this me}sure was .65. \

.
4

was Lompieteﬁ.on each set of data

» o~
. - .

An analysis- of varianc

Results _ o
" . \ .

Group means tor. the (__wtﬂféo tests -were nearly: identical. On
the third summative test and on the rerention test there were
significant differences in achievement Eavoring the treatment

~ group.

There also were slight but significant differences in attitude

favoring the treatment group. v
Conclusions _ .
: . v X ~ .
This study did §how that" diagnostic testing increased achieve- N

ment among biology students. +As in studigs with students at
other levels, the effetts were. not immediately apparent. Some,
time m3y be necesgary .f¥r students to become convinced that
testing really helps. : Lo -

N - b Y N ) : . .
Attitude diffetencpé werehemall put degirable. It does seem .

. reasonable that- studénts ‘who do well will have positive atpi-

Q- .
. tudes, ewen though ‘this efte&t has not been démoqptsatedocon; N
‘Sistently, : o M \ . w W Y ’
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It is encouraglng ghat a Yyelatively simple plocgdure such ‘as
using the short diagnostic tests several times each week “can

- g increase achievement. However, qo stuly has shown that the

o _ . effects would persist if the treatment wWere maintatned for a e

. B B 1onger period. )
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AN ANALYSIS OF METRIC ACHTSUEMENT- - = . e
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USING TWO MODES OF COMPU’I‘ER‘INST-liUCTl}ON
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'The potential for effective instruction via the computer medium '~ -

has been substantially-demonstrated (Linaburg, Marshall Caston,

and Snodgrass, l974, Striickland, 1979a;. Strickland '1979b; Okey L
and Majer, l976“Duell ahd Smith l973) Since ‘the use of com- , ‘
puters in some form seems judicious the quest ﬁhr refinements o

-might. then beﬁghe next’ plateau - X . . o }_

The ¥l of thig research was to examine the efgectiveness of two

. instructional modes usingy'the PLATO IV ‘computgr system in deli- e

— ) ~

)

4

vering metric instruction to upper division college studenta o >
The two modes selected were: L . . '
. . “ N o QR
1) "a linear interattive  instructionali mode. . ° -
“(e.g. drill and prattite), ‘and, e ' ] _
2) a branching inteLactive mode ‘ S Pos
(e g tutorial) v K o ' v . '
. Nipety subjects were randomly assigned to -one oﬂ thre tFeatment
groups -- the two computer instructional mpdes, and‘a placebo i
group. Subjects were administered an attitudinal measure (related Lt
to computers); a metric pretests, and 4 short-term memory test )
_prietr te instruction. All groups receiwed a posttest measure
evaluating metric achievement\ :
IR o 3 - : ~
.Comparigon 0 f performances on postfest scores indicatéd aiaigniv-
ficant difference between the pﬂacebq and the experimental groups, ]
moreover the branching interagtivé mode. proved ‘to” be significantly \.
more effective in altetiag the“subjects” mmetric‘achievement. .7

o )

R

]

, additidn the. subjects experiencing the branohing interactlve -

P

mode displayed a dpre'positive change in attitude toward computers
r



- “
-

This YbSLafkh indicates that continued exploration and refine-
: " ments of computer.turricu!um materials are needed. Additionally, M
\\ the results indicated, the presence of interactions between selected
learner aptitudes and the instructional treatments The plausibility
of these results point 'the way for further exploration

4 . : M
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.Science educat&on needs constant reap raisal to detennine its . ,f_, _
alignment with the uirm.gnts of the people it served. The LN
. a prQ:eSSiou must respﬁ%d to. new demmnds as it has periodicdlly - s o

.f.. in the past. ‘ . . ‘ k ST *

) # . THe problems"bf sotiety 5/; vastly different today and the ° . .
’ . ) s condi tions affecting them are changing more rapidly idwhe - L
© current, age: than -they ever have in, the past., The public is °~ = - e
S . ' canronted with many scienge related sdcial issues and their .. o
) _ understanding. of these ‘Lssues will determing t%e abiLity of our . f'ﬂ
e §oclety to respond etfectivelw. The science of' the 1970's an e i
% 80's is different .than 4t was previogs 1Y . Hence with -social .
-7 conditiong (so;iety) and science in a period of significant '
. . . " change, scieénce edugation must responl ‘it canpnot be static..
’ . - Clearly, some new directions for sdience éﬂhcation,are needed.
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- ‘_f THé RELATIONSHIP BETWEEN"STUDENTS' ATTITUDE'AND

.. ' 7 ACHIEVEMENT IN CﬂllISTR\ AND CLASSROOM LEARNING ENVIROVMENI

e - =

i g ) - . e
[ '4 . . )
, o _.{‘ \ . . . . - R

P . ,;Avi'ﬂpfstgfn
. : ' University of Iowa o * . - W" o
’ ’ c : o Towa Gity, TA 52242 ‘ ' -

e ' . . _ . Ruth Ben-Zvi ) ‘ ) ‘. ;J

i L

. : _ o _— The Weizmann Id&titute s
' : S ' Rehovot, Israel o ' <

-

”14' . . . ngional S “and Objectives - :s'

Getzels and Thelen (1966) presented a framewoﬁk for the analysis w7
of the school classroom as a unique social system. ,They suggest-‘

ed that LlBSSloom climate is a variable which can Lnteract- with
as well as predict, both achievement .and attitudes of students.

“ - . .. L s 0t 0 0]
) 14

. " 'An importantbcontriﬁution to the understanding of the role of N
' ) ‘ the learning environmgnt was made.by Anderson and Walberg (1968)
in which 4 measure 2@ classroom sacial climate was developed and
s validated (L.E.I.; learning Environmental Inventory) in connec- - .
. tion with the’ Hanvard Project Physics (Welch, 1973) oo
« -This study was ccnducted in order to invagi;gabe'the %sshmptioh'\ e
that stﬁdent attitude and achievement in'chemistry is 'related . '
to, and can becpredicted by their Perception of the learning'
. '+ -4 -environment of their chemistry classtoom. - - o

» g R - \ . ) \ !
T ':; . _  -Instruments and Nethodology . o e R \ o
. . ' ¢ ] -' . ﬂ‘ ! a
N PR A mddified. Hebrew vegsxon of the L.E.T. was used in this study. , D
. IR . Whenever possible, a chemistry notation ‘was given to the itenm,
e = 13 scales (out of 15) were usgée difficulty, speed, apathv, ‘
A gatisfaction, cohesiveness, didorganization, competitiveness, .

. . Lt diyefsity, democracy, friction, goal direction, and fgvo;itibm..

ra”
.
-




‘ In order to measure student attitude towards chemistry, the
. semantic Vifferential technique was used (Osgood, et al, 1975).
The inventory consisted of 20 (7 point rating) scales on the
“ concept chemistry. The numbet of vasiables was.reduced by a
. factor analytic thhnique.. Four factors were extracted and
N used as measures of student attitude towards chemistry:
Factor 1 '-- Attractive and Exciting -t
. . . Factor II --."Clearg. and Understandable
. N "Factor III -- WNeécessary and Useful
Factor IV --. Inexact-and Confusing™ .

"MTHQ"héﬁiéVehéﬁfﬂfeéf“bbhéléféd‘6f'25'ﬁdlfiﬁféHChéfCé“if&néuwm"“"'
designed to test students knowledge in chemistry at the end of
the eleventh grade (oC €ronbach - 0. 86) ‘

a

Ay

o The L.E.I. .attitude §nd ach vement test 'wefé given to 400
< * e'leventh gLade (age 169 students .from 12-@1&3839 in eight

' Israeli high gchools. All students’ were iy their second year. of
. _chemistry learning, studying the same. high school chemistry

o ) _ curriculg ., _ ' _
e s Results and Disgussiow g
. , ,'.. "\ "- o Ih order to détermine_the-association'between the two sets of
T ‘ variqgles'a canonical correlation analysis was conducted. Two
‘ T significant,canonical correlat{ans were- obtained 0.48 and 0.41
. . (p £ 0.001). °. ) ’ f
T, A (SR . N
et T ' After rotation, these canonical analyses revealed the following:
i T - pattern: ) : o
v . ' . . -
. LT oo First Canonlcal Variate ' .
S,.‘;, = . ‘ e f . - . . . ;
2w, ° Y 07 “ Ledpning enyiromment variables '
. Nt ) -.High - goal d;rectioﬁ ’ [high ; 3attract1ve and exciting
o _ - =" high gsatisfaction e ¢ high ‘necessary and ugeful
T low . disbrganizatidn)  (high - clear and. understandable
- - .‘h - } , - o o [ . :
ey o - v 1 .o T \'.' M ! .
. | . Second Canonicel Variate ‘| '
BN . " bigh  difftculty \ i ’ - : .
e . . .+ high- friction Q_;;__g'{low.q. ‘clear and understandable
B .7, high speed i . '- . e T, : '

r.,| “ " ‘ " - Tk ; \ v '
. The two oan/onical(‘:iates obtained, support the assumption that

icertain nsﬁetté 0 e classroom” 1earn1ng eftvironment gan. predict-

- T . “student Jbtitudeq toward chemistryr
) . . - . "; - " \-- " . . R ‘_.:K. ) »
iy ) ) . - '
A -+ \ %’ ’ i e ’
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A.multiple reﬁresglon analysis was used in order to determine

the relationship between achievement as the dependent variable,

. . : and the'L.E.I. scales as independent variables. The regression

' “analysis implies that six scales of the L.E.I. (friction, com-
- “petitiveness, diversity, apathy, difficulty and cohesiveness)

account for substantial variance (about 25%) in the measure of

student achievement in chemistry. . :

|3 v )

-§pmmarv .
_One of the most important goals of science education is the |
fostering of a- positive attitude towards science as well ‘as
oo incteasing student athievement. From the results obtained ~."
' in this research, it seems that creating a posifiVe classroomr
atmosphere can emhance-stydent attitudes toward3 science and
their achievement in science. - ¢ I “

Y
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STUDIES OF SCIENCE STUDENT ROLE SPECIFIC SELF-CONCEPT

AND PERCEPTIONS OF BEHAVIOR

=

" Ken Peterson
Don Kauchak

University of Utah - ¢
Salt Lake City, UT 84112

A series of studies assessing science students' role specific
self-concept and perceptions of behavior was completed using a
computer scored double Q-sort instrument. The Q-sort consists
of 20 behavioral. items which Ss sort first to describe ideal
sciedce student behavior and then again to describe themselves.
Computer assisted scoring considts .or rank order correlation
coefficient between the two -sorts—(a measure of self- concept)
and group zrofiles of mean item rgﬁig\\\{be sorts Were adminis-
tered to over 800 eighth, teﬁth, and twelfth grade science
.students in the U.S. and Israel, ' '
Self-concept lLvels were found to vary by course, class success,
gender, and individual classrooms at the end of courses. Tenth
< grade, (mainly biologw students) had the lowest levels, with
eighth graders qnd*seniors having similar higher levels. The
strongest relationship was found between class: success, as mea-
sured by course grade,; and self- concept. A nearly linear rela-
tionship was found, with self- concept incre&!ing with higher |

. -letter grade. . No statistically signitigant self-concept differ-
ences were found between genders. Significant differences were
rtound among classes of similar gtade level, course, gender and
grade distribution. Igraull students were found to have signi-
Eicantly lower self- concept levels than their U.S. counterparts.

.
0.

Statistical differences in the mearn ranking of ‘dpecific items
for a-posftest administrdtion were also found between countries
and . according to course success, gehder and among sinilar
classes. :




("

~

e/

N4 ) ‘. . ‘ .. -

The relationship between success and self-concept is to be

. eypected. The variation gmong courses and aged could be ex-

- //)xginad by two factors: development and selection. The young-
er, students base less of their self-concept on course success
atd take other factors into account. Sophomores regatd grades -
more seriofisly, in terms of self-esteem, apparently as much as
.do the seniors. However, the seniors (mainly physics students) - °
are a much more select group (both self- and institutional-
selected) in terms of school success and aptitude., Perhaps
gsome students are enabledito highér success by positive feelings
of self, while other students?! self-concept is nurtured by their

. - success. - luterviews_might _clarify these possibilities in terms.. ..
of cause-effect. '

.
.

While,previous‘authors'suégest that gendervrs yéry in attitude&

./ about sclence, we found no significant differences. Perhaps
the general more favovable attitudes of females to school .work
counterbalances some less positive sclence attitudes. Specific
perceptual item differences in mean rank by gender, success,
and course suggest c‘gt students do perceive classroom:life and
per formance differently according to those factors. The between

country differences may be explained~more by cultural differences.

in criticism than by actual less good feelings about self.
Other results of significance to science teachers are that stu-
dents continueRto rank typical school work behaviors higher- than
science related behaviors. For examplé, the number oﬁe_rankgd
item by gxgil'ﬁiassroom on which data were g@therpd was ''completes
© _all homework." TItems emphasizing inquiry wete consistently rank-
ed lower, At the same time, students ranked clagsroom environ-
ment and cooperation ftens highly. i

’
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- ‘ | * ‘" EFFECTS OF TEST ANXIETY AND TESTING CUES
' * * ENN * "l. . » Vet

. ... .. .. _ONSCIENCE TES? SCORES - "

l . William J. Kermis ' ' “’ ' _ C e “
- Larry E. Schafer . s
" - Syracuse' University and . o o SN

i ’ . " Liverpool School District oo el
R Syracuse, NY 13210 .

‘ S Objecfivesgaud Rationale . _ : \ . RN \' ' )
3 ; o ) .

4 Two variables, test anxiety aqd testing cues,- appear to’contri~*:
brute to science test performance. Iliall and Hinkle' (1972) maintain
- that many students fAL1l tests because of the anxiety aroused by ° .
the presence of certain cues in the.testing gituation. Wine
(1971) has suggested that the unxiety experienced by students *
. depends on two variables: The general tendency to become anx-
-8 lous fn a testing situation (trait-test anxfety) and ghe presence R
or abseBce of specific testing cues, or' stimlui. Wine hhs further ¢
suggested that Wigh test anxious. students (HTA) should attend to _ o
disruptive cues which interfere with test performance, whereas : '
‘ * low test anxious (LTA) students should attend to hei'\&ul cues' -«
! . ' . which facilitate test performance. Since a compilation of dis-
' nugtive and helpful testing ¢ués has only recently: become
iR _available (Kermts, 1979), research ‘examining the interaction - : : .
’ between the trait of test ,anxiety and specific testing cues hh's
not been performed. Hence, this study, vas designed' to examine 7 >
. the influence of- test‘ant1ety'(high and 1ow) and testing cues
(disruptive and heLEﬁuT} on science test 'scores of geology A

. & ‘students., o 2 "\:/\' ,

9 L 1 ’ " a

R ; 3 S N _ ", o
. L _%ethodology and Design - ., \ i_ i

L3

T TeoAd Subjectg were 28 undergraduhtes enrolled in physical geology. - ,
o .» An’initial randomized design that was countg;balanced on test B o
B U " content and, test form (disruptjve &nd helpful cues) revealed B '
- Bt tha;ineither. st ocontent nor the order in which the form of the
thc’;ests wenzeddminiscérad (disruptive test befote helpful

U oW Ky . .o , LS
. . - o . A
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R uOr(Vlsa verda) had any foééf)OthUbJthS' performances} There-
e R o .. —fore, the design was reduced to a "posttest- only'design (Camp-

1

et T L e bell and Stanley, 1963), in whiéh there were two levels of trait "e( -

KA test anxiety (HTA and LTA) and two levels of testing cues (dis-

' B " ruptive and helpful). Subjects were rgpeptedly measured, "once

on a test with disruptive cues and ngain ! a test with helpfui ' "
(ues -~ o R ' ’ o .
\ ! . "4 : C ok

v . » *h : - ~ " ' A\l
2 . . . - . -
oA . . .- " .

’Insgpﬂments énd “ata

Y - .
N d 1 (' " N

4 e ku.'.* Lusﬁene .1970) was given to the gtudents to clasgify them acqord-
A tng to tlte, trait of test anxiety (HTA or LTAY. rhe different (
S TR cology tests,'wtth digsruptive and helpful cués added (kermis,“ . \
oL L “ w, 1979), were judged equivgalent on the basis ofcontent qifficulLy //
T o and scope by two_indepenggnt experts. A2 x 2 analysis of vai< "
P . .- iance (ANOVA) for repeated megsures was used (Benderetr--and Frank—

v

4 - < .~ . ™ lin, 1963). An alphg leveg of .05 wag.set for dignificante - ;;f

testing. ' R ) ' *

i 1 . L
© s * v
B

r RGSUIES and Conglusious B T
& - 1 . * [ ) - -
A The ragults of ehe 2 x 2 ANOWA (HTA: and LTA X disruptive and
_ : ‘hclpvql Lestlng CULb) revealed d signiticant test anxtety gain ™ {
. ) effect [F(l = 4413, p< OSJ with low test anxious students
i ‘ outpprformtng hibh test anxious stydents. WNeither the test-, .. ...
ing clie main effect nor the testfnx X teqcing'cde Inter- e
action were significant. The results support the hypothesis
that high test anxiety retards performance "~ This implies: that
tenchers should take every precaution to redute test anxiety
. . in their students Since the constra{nts of the expertmental
] ) setting. precluded. Lhe use ol che mos't digruptive and helpful *
' cues (Kertig, 1979) the question “for further research remains: e
Do HTA students ‘attend to disxuptive testing cues while their .
s LTA counterparts dttend to helpful Lesting cues? o
X . :

+ . e

<
”~ - {
‘ “
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’Kno&ledge of the magnitude of the effect(s) of an expekimental

study in science education should be of ugmbst concern §o re-
searchers* in the field, but it is not being reported by the
authors of papers in:JRST. ¥Working on the aggumption rhat the

‘" reason for the failure to report the magrnitude of effect(s) of

experimental studies in JRST 1is a-gneeral lack of knowledge of
its importance and how it cah be .calculated, this session des-
cribes the concept of "explained variance' in analysis of vari-
ance designs and then ‘explains -how it can,be calculated_and’
reported / .

'

Reporting the magnitude of effect(s) of an experimental study tn
fiience education alloys one to assess the practical signifi-¢
¢

nce of the research. Fraditionally, reliability figures in
the form of alpha levels (.05, ‘etc.) and probabability- values
(.25, ,10, .05, .01, etg.) have been used in reporting the \
”significénce” of a plece of experimental research.. The limi-

“tations of this practice are/pasily seen when magnitude of

effect(s) is considered.

¢

. Three tndicws fér estimatipg magnitude of-effect(s) are eta-

squared epsilon-squared, “and oméga-squared and in this sesgion -

the last index is used .in some detail to 4llustrate’ techniques
for calculating its value in various AVOVA 3§signs in science

A
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: The purpose of this study was to congttuct a, pehcil and?péper

uangsﬁieated a- standard. adminigtration procedure., Forty minutes

_ fatoriét reéasoning, probabilistic reasoning, corrélational reason-
ing and tontrolling var11ble5\ Coy S

+ LY
[N

A

' & ' HE DEVELOPMENT AND VALIDATION OF * " & = . | -

o A GROUP TEST OF LOCICAL THINKING Cols

Kenneth G. Tobin . - .
William Capie oo o] o

~Untvgrsity-ofmGeorgiaia_m--Amﬂg-m--~:.u‘ﬁ~-_wwun-m--
Athens, GA 30602 = - | '

4

Purpose v R R g

measure of formal reasoning with high validity and reliability.

.~
¢ “ ' . -

~ep . . I3

o )

Procedures o ' -

Selected items from a test developed by Lawson C19/8) Were a
basis for developing the initial version of the Test of Logical Ja
Thinking (TOLT). Two items were selected to measure eqch of

five modes of formal reasoning: ‘PLoportional reasoning, c0mbing'
atorial reasouning, probabilistic reasoning, correlational reasou-
ing and controlling variables. The test incorpqrated demonstra-
tions and students selected a correct response -from a numbe 0T ) -
alternatives and provided written justification for their selec- .. .=
tion. The test wag administered to a-qample of 102 students in. '
grades 8 through 11 , ) Co .

Although tegt. reliability (Cronbach §< = .74) was reasonably . | -

high severa] factors were reducing validity. One concern was
having studgnts provide written explanations for the selected,
responge. The test was modified so’that multiple justification$
were provided as well &s multiple solutions for each problem.
Reasons that . had ‘been volunteered by subjects on the first version - T

.w

of TOLT were modified and incorporated - into the test A correct:

solution requited selection of the ¢correct respgnse and tne best«
justification s o '1.’ N o L f

-

ideo taped demonstrations have minim17ed reading difficulties

afe r qufred to administer the-testx- - @ e
: Py, o . . . ' ' ‘ % ’
u ., ,}\ -
Evidenoe of | ‘1current validity was obtaiqed from a- comparison vy e
( .

af TOLT perf iance by, .25 college students with performante on
5 fnterviews de51gned to measure proportipnal reasonxnb, combid- .-
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An cstimace.of the‘prédiccive vnlidiﬁy;of TOLT was'obtainea from

a sample of 2722 students from grades 7 ‘and 8 science classes..

Performance on TOLT was correlated with gscience process achieve— 

“ment. ! . . _ o L
Factor analysis was used to obtain evidence 6( thﬂ“construcc
validity of the test. TOLT scores from 22 qtudents from g ades
7 and 8 and 129 college students enrolled in introductoxn

ology courses were ‘uged in ghe analysis.
1 S

The test reliability fov TOLT and each % item sub Lest was also

“estimated fromnthe above data
Results -
~ - ",.‘ ' , B v,

A correlation of .76 was obtained between TOLT'scores and the
number of interview tasks ipn which formal reasoning fias uged.
When TOLT scotes were used'to categorize students .&s formal,
trangitional ,or concrete, 88 percent were classified at the
same level of cognitive development as they were witp the in~.
rerview technidue . E S . ,
Thirty five percent of] thl’; variance on & tegt of incegrat.ed 9
-science processes (relbabtlity = .8) was explained bw TOLT . ‘
sgoted . Attenuation~qorrection suggested a validity.ggétficient
of . {4. H .

| I

a4

‘factor that

variance,

was termed
est items

. Factor Wleysiq ipdiclged the presence ot a strong
accounted “for. approximatély 33. percent of the- common
This ana]ysis\sgggest . an underlying dimenston whic
formgl thought. “Factgr structure 1oadingq pr the
ranged From .45 to“ﬁZ

AL ’ -

- TOLT reliability was .8&\&3th<x'values erm =57 t¥<;éa for the

gsub-tests.

2 i h C

r N

. L4
.
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Conclusgions e T e N , “2A“

A ]
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Eﬁidence.éug sts that FOLI does measu1e formal thought. The
reliability g@;a aré indicafive otfgmgh ingernall. consistency.
and the valid ty data are diverse 1nd sdpportive of an effective

group test of formaL thought.” . : _ o SR
. . .o ‘° s i .'_‘)
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‘ - / STUDY OF PERSONAL CRARACTERISTICS OF, TEACHERS
e - F .. . '

A - J. William Byrd
e e e 'Chhtleg'Rfﬁcoblek'”“ N
‘ - Carl G. Adler
IS N g N B ’ \ /
- . East Carolina. University
. . -Greenville, NC 27834

A problem of 1ong standing in the, preparation ogfnew teachers

) S - * is the early identification of tHbse students who are most apt

' to make successful teachers. The importance of this task hasg

0 been heig ened in recent years with the advent of competgncy-.
based cert cation programs in North Carolina and other stages.
The question of competency measurement for experienced teaché’
is a difficult one, but the challenge of establishihg the com-'
petency for eertification purposes for new teachers is indeed
thought prQyoking The m@gst common element in_.all of the studies
on tea er effectiveness is the lack of agreement on any-defimi-
tiv Qgtement characterizing a good teacher. This ‘study/took
a 30mewhat different approach to this problem. Our objective’
was to identify any distinguishing characteristics tliat may be

. associated/ distinctively with those teachers judged?) be success--
i

. . ful by their péers and students. Our tope.is that 8 informa-
. ) - tian may/ﬁe useful 4An providing clues to be used in the early,
. ' identificetion of students who ate apt to make good teachbrs

N . . in North Carolina:

/’ 1) peer evaluations consisting of peachers' evaluations of

each-othes and the principal'g/evaluations of the'teachers;

\2) each teagher completéﬁ a Personal Orientation Inventory :

g k .o . ' (POI)’ '/ ~ - ' ) . } )
R < ) : ’ B | SN /
' - ] 3) each ;eacher completed a Personal’ Interrogatory Form
: ' (PIF) which was locally generated. and,
. Y/ o ' ! b

4) stuﬂent evaluations_for each teacher. -

. E
N .
A
Pl ) . v ”»
L) . .

7’ LS Ane : . 88 Q . : ‘ . , ,\
' O . . N

.:- .
-
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-
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S The - ﬁollowing data was collected in twenty- five (25) high schools
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The resulting data set consis%gd of 25 priqcipal evaIuations of y ) L
teachers, 93 teacheér evaluations of teachers, 90 POI tegt results, T

95. PIF test results, and 2,314 student avaluation forms.

L B

.

e
Jn X
e -

The anAlysid of “the data produeed nonidentical puccessful teacher
groupu EL judged by Ppeer evaluation and by student evaluation.
. We .then proceqded to study personal charactpristics of success- .
fuk.teachers as identified by each of the tfvo.evaluating groups.
.In*many regardsy’ the teachers appear to be Wry homogeneous in
their characteristics. There were, howevdr, haracteristics o 4
-‘which could be glear}y identified with the successful teachexr =e . ... _ .
somet imes: common to both peer-selected and student selected ) e
groups of successful teachers and sometimes peculiar to either ' N
the peer- selected or the studeat-selected group. Characteris- . Y
tics common to both successful teacher groups included the ' -

’

following ) . . .o ~

‘l) they subgcribe to mote professional journals;
2) did strive for good grades as a high school student;

o and,,
Yoe 3) appear to watch mgle/television. v .

: R
Characteristics commén to the peer- selacted group of successful
teacher incleded: :

\ 1) .they made better grades as college studentsg; and,
2) their teaching methggs include the use of more experi-
ments, morae demonstrations, more lecture, more small e
group activities and more small group discussions

‘Teacher, characteriltics that a peculiar to the studehtfselected ~
successful teacher group included : e

| ¢ .

l) they ranked -higher in- inte:personal sengsitivity on the.

: POI test; and,

£2) , their, teaching method lncludes significantly more
demonstrations, field trips, games, small groaup acti-

~ \\\ _ vities and discussion. .
“ . 3 -
Interestingly, these ‘teachersg do less lectpring ‘than the ather .
iiteachers in the sample. Cov , i s

"This report includes samples ‘of all the instruments msed in collectr N
ing data, a presentation of :pe\ﬁata a discussion of the- analysis,
and a more detailed presentation of the results
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n " FACTORS AFFEgﬁi!F THE ACHIEVEMENT OF y
. 'STUDENTS IN BLACK, SOUTHERN COLLEGES ‘\
. ‘ @ ! N\
I R . Bufler_KaHiE_—”i; I ;: S
‘ . o - Purdue Upiversity . , !
. v _ West Lafayette, IN 47906 ’ ' N
\ v a@ : ! ’ c:;‘t“
Bernice Coar Copb - .
o Gwendolyn D. Wilson ° -
K ¢
o Talladegh College
Talladega, AL 35160 = '
' *.°  <Charlotte Carter ' , ‘ - ' f‘ .
* (24 T . - .
“ . M
™ Miles College i\ : .
- Fairfield, AL 35064 T S \
. Lo : : Mildred A. Collins © Lo R
C | |, Stillman Cpllege’ )
o ? r " Tuscaloosa; AL 35401, . .
\ . . . . . ‘ " ‘ '. ,
‘. -Barbara Sm, Morgan = -
. Atlanta Jr. College -( T .
Atlanta, GA 3031Q =0
! N L ~ Sandra Ef\ﬁaylor' t N
N ! ' 7160\Vérnon Avenue R
l A University City, MO 63130 oy L
i N . . _ v,
'! \; . 7 ¢ ! . ‘

. ‘ A pahel of five minority edgoators will discuss theif'curreht‘re-- ..

' : search which investigates” factors.gffecting science and mathematics
achievemept' of ofinority students. Participants are drawn from col- v
leges in thé Alabama Consortium of Higher Education, and their re- . s
gearch has been funded by the National Institute of Educatdon: grant,

. "AdV nced Study and Re'search Skills in Sciente Education fbr Women §
Faculty at Minority Tnstftutions,' (NIE 780233). The feasibilicty N
of such research including practical and theoretical constraints;

\. . ’ ‘.. ' ’ ' “ A o
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a vdriety of instructional variablee; and an assessment of some

-of the pergonal, sociglogical, and cognitive trajbs of minority
students will be discussed. . ' oLt

4

The issue to which this sympogium is addressed is the general

~ one of appropriate education for minority students. The parti-

cipants have joined in a research effort, conducted on foyr

" different campuses, to assess various student behaviors and

characteristics which might affect their achievement. -Samples
have been drawn from both non-science and “from science ma jors,
and studies have been conducted in ‘'science -and- mathematics

classes. Prior to the individual reports, general demographic

/

presented
' *

The {ndividual paperé will each discuss one or more probable

factors which wmay affect science, .achievement of minority students

The flrst participant will" present an analysis of the uge of '

Gowin's "V" during ‘laborbtory exercises (Novak, 1979). She will

analyze its effec®®ol biology achievement, attitudes toward bi-

.ology, and perception of fate control (Rowe, 1978) among her

»

Since eath repdxt coniposes one agpect of an overall study to

first year, non- science méjor students. She will discuss utili-
zing her findings in a prediction formula to determining probable
future sucdess & science tlassés ‘ .-

The second presenter will discuss her findings concerning pos-
sible interactions betWeen cognitive style. (Witkin, 1967), locus
of control (Laoy 1970), and mode of instruction on the achieve- |
ment of freshman biology Students '

I

The third presenter will report her findings utilizing a popula-

. data .and descriptivestatiatics. from the. five . studies will . be . . ...

tion of gcience majors. She will asse8s dnv achievement and 4

attitudinal differentials which accrue from utilizing individual-
ized modes of instruction {n biology ) 1

The fourth researcher will report an analysis of the effect of
spatial experience .on the mathematics and science achieVement

of male and female minority students. h :

The last paper will discus$ the possibility of predicting a
student's locus of control orientation based on classroom obser-

vations. Correlation studies of thlis dimension with science )
achievement in,black, Southern college student ‘population will y
be presented v S -

an

determine faCtors affecting the achieyement of students im South-
ern, mindrity colleges, interrelationships and comparisons be- N

twyelen the studies will provide idsues for~discussion as well as ,

-t - 4

questjions for further research.

-

I. @ .. .
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“ ' | . THE EFFECTS OF TEACHERS' WAIT-TIME AND

+

oo - COGNITIVE QUESTIONING LEVEL ‘ON PUPIL S o
r ‘ ~ ' SCIENCE ACHIEVEMENT , / )
‘ ' - Joseph P. Biley . '
C . AN

: v . .
: . S University of Georgia
: L \ Athens, GA 30602

\ A

__Problem . 't
T

t

. Does teacher wait-time and cdgnitive questioning 1eve1 effect '
' pupil achievement? :

Objectives - " @ Lo

The objectives of this experimental ‘study were to: - ' N
\ . \

/ 1) investigate the effécts .of wdir-time of 1 second,
‘ 3 seconds ‘and 5 seconds on. primary and intermediate
students' rachievement; ' T

2y compare the achievement scores of students who experi- \
' enced science lessons contaihing efither’ 100® 50% or
. 0% high cognitive level teacher questions; and,

3) examine achievement-  results for possible interactions
between wait-time and cognitive level of .questions.
.. K . . o . e
) : ¢ o E . . C * 8.
Theoretical Framework . T ' '

[

$ .

The manipulated variables in this study,gwait time and cognitive .

level of teather questigns, have been iuvestigated :separately 'in

previous process§bébd66f/§:seabch The results of teacher ques- ¥

. tions on student_ achievement have been dissappointing. The '
€ ‘ research indicates that whether teachers use predominaatly higher
coguitive dhestions or predominatly fact questions makes little
difference in student achievement (Winne, 1979). In the only _
. : reported study examining the effects of wait-time on achievement
L : Tobin (1979) found gthat wait-tige was significantly ‘related to
science achievement in grades ,'ﬁ and 7 in Australian schools.

;.,f‘_,.' - o .- ’ ) . ' o 102 . -
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.rooms _and agsigned to one of three treatment levels resulting in

e
-
¥

The unsuccessful attempts of previous research. to identify . -
achievement advantages of higher ,cognitive questions over fact T
questions may be due in part to "their ommission 6f wait-time as . .
an. interabting variable "This study addresses this problem by ‘
combining wait-time with cognitive questioning level.

Design. and Proceduraes

‘ Tho-pvailable propulation cénsisted of all stydents enrolled in

-

two elementary schools in Atherds, Geporgia. Groups of 5 sunjects
were randomly celected from 15 .intermediate and 15 primary class- *

an N of 150. The design of this study can be diagramed as follows: v

R X, 0 US
R Xy 0 0, ,

i

With Xl—- X3 wajt-time/cognitive question treatments and 01 - 02

"achievement tesrs with knowledge and above knowledge items respect®

ively. X ,h
Thirty pre-service teachers conducted the treatment by teaching a
thirty pinute 1esson“in“qhich the "length of wait-;ime and percent-
age of higher cognitive questions were prescribed: The lessons
were au%égtfggfd to- insure fidelity to'the scripted léssons. S
The content the lesson was the 'same for each group. At the

gnd of the lesson a criterion test was administered. This test .

was analyzed to insure adequate reliability and validity., Data -~

were analyzed using ‘myltivariate dnalvsis of variance (MANOVA)

-— -

5o

Results ° - a o _ .

There was no significant smverall question level effect (p "0.15).
There was a significant overall wait-time effect (p = .0l). Stu-
dents assigned to teachers using 5 second wait-time scored signi- -
ficantly higher thar 'did those assigned to teachers using 3 and 1°
secopd wait-time. These significant differences were ‘found on

‘the total achievement test and on the knowledge and above know-
‘ledge subtests. On the knowlédge subtest students assigned to

teachers usiog 507 higher cognittve questions scored significantly.
higher than thgse. ‘'using a 0% higher cognitive level questiOn
(p < .05). 'No significant interactlbns -were found,

"
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Concluaioﬁs

The results of this study indicate ‘that stu@ents achievemeﬁt at .

(1956) can be increased by extending wait- time. The resplts
imply that the optimum Shit time in terms of student achievement,
occurs somewhere between 3 and 5 seconds. s

Interpretation of the results imply that in terms of studeng

B \ References '
. ) \ A .
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. Coghitive ‘Domain. /New York: David McKay, 1956. \
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. 1obin, K. G, fhe effeqt of an extended wait- time on science achieve-
, _ ment Paper presbnted at the Vational Association for Research
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‘ Wwihne, P. H. Experiments relaging teachers' use.of higher cognitive _
‘questions to stident achievement. Review o0f Educational Re- ' .
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&ﬁA SUCCESSFUL TRANSPLANT OF WAIT-TEME

AND QUESTIONING STRATEGIES TO CHILDREN'S-

i : R :ORAL'LANGUAQE BEHAV;ORg'j e e ,__hgm

* . ~e

v _ o Donni K. Hassler

American University
" Washington, DC

. . \ 7 ) . .

‘ ' Edward R. Fagsn - . _ >

Michael Szabo .

The-PennsylvaniaiState Univegsity .

- o _ University Park, PA 16802 s .

- 2

&
>
e

Research on science teaching has drawn ideas and- methodology from -
pe - educational and psychological "areas such as attitude development, ‘
\. ' research design, instructional’ systems, and- information processing.

The present study is a turnabout. It draws from ap area heavily
researched by.science educators (wait-time) and applies it to a
_non- science area: Oral languageé ’behaviors in language arts.
The purpose of this study was to determine if the results Rowe
** found in Science with wait-time utf{lization could be replicated
ot in the language arts during children's literature discussions. SN
. Wait time {'s defined by Rowe as being of two kinds L

\f ﬂ; 1) Wait-time I, .the pause after a teacher asks @ question
: . . . but before someone is called on to answer; and; _
- 2) "Wait-time II, the pausebafter a student response, but : .

before the teacher comments or calls on another student.. ‘

NG

Each hypothesis was. investigateéd to determine the effects and the r
interaction of’ the three independent variables: Wait-time, ques- Lo
tiouing, .and. wait-time and questioning upon the following six,

dependent variables g .

- . ‘
(B , - ‘
. . . ’
5 . .
. * . . B .
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. 8lide/tape presentationg in order to insure congistent use of the o

and procedures of the presentations.

. The follow-up discussions were tape recqorded by the te%chef for

The“results of the study indicated:

1) 1length of student responses; I R LT
~ alternate student explanations; - N
3) higher-level student .responses; .
4). higher-level teacher questions;: e N o
5) teacher questions; and, . T BT
disciplinary moves .- ' ' o

This study was based on the posttest only control group de¥ign six
. by Campbell and Stanley (1963). The six dependent variables were atatis-

" rigally analyzed by using ANOVA. Twenty elementary school teachers ¥

from. seven scHools were ‘randomly assigned to one of four groups: L
wait-time, questioning, wait- time questioning, and control. The o
~teachers from the - third, .fourth gpd fifth-grades were asked to - > . . .. .—
hold-10 to '15 minute follow-up discussions for/each of the seven -
chiildren's literature stories. The seven stories were made into

stimulus. The first slide/tape presentation was considered trial-
run to familiarize the teachers and students with the mechanics

data-gathering on the six dependent variables. Before the post-
training, each teacher was asked to tape record two follow-up
Qiscussions from children's literature stories of thelfr own
choosing or from a su gested list in orde: to reduce the possibi-
lity of the Hawthorne effect. . : .

1) the frequency of higher-level jquestioning and total .. | 1”r
"~ teacher questioning were djrectly and significantly b
, erfected by wait-time utilization;

2) the freéquency of alternate student explanations, higher-
level student responses, and higher-level teacher ques-
tioning as well as the length of student responses were.
each directly and significantly effected by higher-level

. fluestioning utilization; and,

3) the frequengcy of alternate student’explanations, higher- _

level student responses, higher-level teacher questions B

as well as total teacher questions were directly and ° L

significantly esfected by the inceraction of combined -

wait-time ang questioning utilization '

7o

In conclusion, the wait-time tréatment alone did not provide the
same results‘ as Rowe experienced in science. In the language arts,
the combined effects of wait-time and questioning training provided "
* the most significant results for the dependent variables pverall.

- ~ Reference ) .

Campbell, D. T. and Stanley, J. C. Experimental anQ_Qoaei-Exgg;i-
mental Desxgns for Research. Chjicago: Rand-McNally and ‘Co.; .«
1963 : : . s Lo : ®
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R ‘RESEARCH IN SCIENCE ‘EDUCATION: NSF

Recenthrenﬁs'Ln Educational Research_pf s CbgnitiVe Sorc ;f 9'-:;:YT*3*

. T - "
. . ) B} - . e wh
- . .. - o

.« . Erfk McWillfams . - - ¢ R

. ' T ‘ National Science Foundgtion S M T
- N TN . Waghington, DC.20550 oo e -
_ S s . T . BT L : " “T
At the NSF dqd elsewhere there is steadily 1ncreasing‘1nter€st 10 S
and support of research directed specifically into th@ mental. pro-
_cesses and structures which udderlie  competence in ‘séme Amportant . RN
area of science or mathematics.. The focus.of suth reshar&h;a A LT
namely the learning of science.or mathemqtics, Ties sqqarely {h , L
education. The methods and'theogiés™ (Whan prﬁgent) aré: for-the - oo

\ ‘ _ most part psychological with: -gome cléar inﬁlusnces fr&m che {l;ml=f'
- field of computer ‘science. Some reseacchers, parthulgrly those ‘.

” . with "long- standtng interests along thege, lines, are : pleased with

. . and optimistic about this trend; others are not NN
K . . v ) -2

e

(;}". - . ) ' * - o, . 3 - :-..- - ." . 4 . N . I
' C ‘Overview of Research on Participatian in Science .

, N > . -
A K¢ . . . . L ]

g R U A HE
- ff ‘gy Females and Minorities '

; Y _ , ' < " Mary Budd Rowe

» ) Do ,. ? 'National'Scfence_Foundatton L s : N
Washfngton, DC 20550? ) i:: - :

] L ) .. The participa!lon of females and minorities dn science is 1ess thanc
would be expected. “Some of the research provides a basis for under-
stanfiing the factors that are involved.. Theré are still many puzs’
teling .questions to be answered, For: expmpLe if ‘curriculum is

& , such .a major factof, why are the differences between sexes on the ,

- NAEP 'science as pronounced as they are for 9. year olds? Tf English

as a second language is a fagtor why is’the performance of Hispanics
on the NAEP science generally better than that.-of blacks?. In the

. study of talented students in mathematics the pool of females is

markedly increasing It appears, in addition, that cdpability in' _
mathemettics ig- not a sufficient condition for success 1n physics oo
for either males or females, ‘ : . . '
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The computer has -been describeﬁ as the new educatioh S5
- Higher education alqne’spends an esEimated one billfb_fﬁﬁ
3 year on computing. The computer;. ag a tool, as aimedium, and as. R
' an obJect of sfudy, now affests all aspeqts of modern educdtion. - e
But, what do we koow of this new intellectual’ technology? How . o
{s it being used and what new researchineeds has it generated? C
- A" peview will be presented of national:gtudies,. current trends,f [,
= and a meta- analysis of the research literature an computers in '
o — education. "Research on new innovative uses of coqputing and
N \computer 1iteracy efforts will be described. Recommendations -
L of a task force on Technology in.Science Educatg_%% The Next R .
i’ B Ten Years will be discussed _ * - s
. B . : o R . O v ) - . e S
.. - ] . y L ) v . : " ' ' . 8
. . t .,

:f ST Issues in the Funding of Education Research

~

NN . ' . _F. James Rutherford

Aas v ! Assistanc Director for Science Education - . _
. i ' ot - . Nation&l Science Foundation . A .QQ
N D R yashlngton DC 20550 . w
In trying to build a fruitful support system for- fbsearch in ' - ‘{’}Nﬁ

_ e educatioq a federal agency needs to confront mbre issues than o g
e, e . simply‘ how to: idﬁﬁ&l?y the best research. proposals from among ’
¢ o ’ - " those-dubmitted. ~Some of these issues‘are: - What is the proper .
' .. Dbalance between agency and field deteitmination of funding prior- =~ Ja
B ' vy itites? How can stability of funding over time be achieved -0 ;
R . e while still retaining the abil®y. to respond to compelling ' Sy
o . . - . search opportunities''? Should theory building or practical '
s o utility be favored in federally funded educational research?

B . - .Given-limited resources;. should there be a fundihg bias ‘toward

é‘individual researchers or towara ongoing research groups?

"yl .
»
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_This is ‘a réport of a meta-analysis of selected advance organizer
. research reports,. The study was undertaken because of the large
amount of’ research in this area, ‘and the general failure to reach ,
) . definitiVe conclusfdus from’ this ‘research. The purpdse of .the anal¥sish
« . . was to détermine whether or not there were apy characteris ics of the -~
S -e;perimental settings or materials in the 99° advance organfizer studles R
- : analyzed. that had consistent relationships with the treatdent effects d
B " " obtained’ tthgSh the upe of advance.orgadizers. The depenfent vdv}ibles e
. used to rep ent-the treatment effects wdre the t-stat{stic’ or ‘ﬁ_-., . -
difference, betyeen méang. aiid the probability level of signifi¥ nce"' The | .
independent variables described characteristics of the sample, ‘treatment
administratdon conditions, type of subject matter, quality of :the research
procedures, and cbaragteé?htica of the advance organizera and 1earning
materials ¢ g % ERE o . _ N

v .- M ;‘ "‘

.’

.- The datgE nalyqiq 1nvotvbd theﬂcomputation of descriptive statistics,xdhegs
7 éxamingtich of the relati n yips between independent and dependent va i

' & ‘ablefjby corrélation coqiﬁ&qients ‘and stepwise multiple regression analy-

-?gsﬁ g sigj~and the. examinatxdn'hf’the intErrelatiOnships amOng the 1ndependént

;_A'i, ) vaniables by;faétor aﬁalvsis 5 e p . . " o

e

o : i o

NJ“ . \\‘i,_ Oﬁ t ’99 t- stafﬁstics computed 68 were positive. Nihe of these were ~

- “signi icant af the Q 05 level and-13 were signtficant at the 0.01 level. . -
‘ N “None ‘of the 2# négative t-statistics were significant. These results . .
LA 1hd1cate thaE theq& is a tendency for advance organizers to show facili- .. o

Q; tative eff s Z%* SR - _ o . ' e

Aol Bome of thg significant findings vin favor of advance organizers may have
'fl been ‘due R0 :ﬁé possible’ contribution of the advance organizer alone SRS
LT 'x~ "to ans&aring\the test questions or to an inequality of study time for \
B Ehextfeatmﬁpt groups. The influences jof these variables. on’ the ;plation-'

‘v: ;f ‘. ships’ betwgen the dependent and independe varihbles were removed by = . 1{;f ¥

.7

AN stepwgap,muﬁtipde regressinn analvse@/
AR A R T IR 9 . _ - o : o, R s
q [ : ' "' . . . 7,‘. o . . : . .‘ ' g 101‘ 1 l . . . . .. . . . E .: s-!‘
- oy v L T "‘i_’.’ B y y i : ‘ T i ;




5 PO .
: e TRe 1ationsh1ﬂ1between type of advance organizer and the dependent .
- varia les wa .ProQab1y<fhe most fundamental relationship fdentitied.
There was an |indicatioh that compargtive advance orgahizers may be more
effecrive thau~expoaitory ones, - - 1Y

Studbnt inability. to understand the advance prganizer information may
, . . account® f0r SOme of . the non- significant expe:imentnl findings. |
1hng\\;izhijl}ndication thaat hdvance organi7ers mdy become less effec .
-a ‘ ) ’

. tive earning materiwls become'more ciwplew

i, ) The dependant aJtablqs had signifioanc .correlations W1th subject area,

. o concept type and\grade level indicating that advance organizers may ~be .
e e - lesg-effective when the subject ‘matter is- sqience,-more effective for - .. — . . -
' classificatibnal concepts, and more effective at- the higher\grade levels N 1
- A list Qf gutdéiines for futqre research on vaice organizers was ) '
~ Leported baqed on this analysis. . : W, -
N A - ' N - . . ~ ’ - \ -
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Lstimating the Reliabtlicy ot Clasaroom
; : Observation SyQCGmA . v
s . . ’ L g .
William Capie & o .
Kenneth G. Tobin . ’ .

A

X o ‘Univeriity of Georgia‘ R
. “Athens, GA 30602 e

Reli lity estimates of clagsroom process variablea can ‘faci-
e At ate_the oritical interpretation of research deaigns and Pind-

ings by those p1ad”rﬁghand—*epaztinxpre;earch ag. Wwell as by

>z

yowe

¢ consumers.

" problems in classroom process.measurepient (e.g., temporal sta-
bility, interrater agreement) and prﬁsent ways of measuring. and
interpreting the reliability. /'.

Participants will receive sample data from studies or 1natrument
: development to determ(de‘approp i%te analysis amd then interpret
. the output from common computer.programs. Sample sets of data’
have been selected. to illustra e common methodological problems

' and decisions. . _ j _ _

A

..‘ - -
.
¥ o] .3 ' e W
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This session will present geveral Commor-rettabiiiey
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1= 'A- COMPARISON OF “THREE ESTIMATTON

STRATEGIES ON~ESTIMATION SKILLS « v
‘( Tooe ! . . .
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N , .
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-Barbard J. Attivo
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The development o} measurement Amd estimation progess skills
by prospective teachers is a prerequisite to the development Of

classroom teaching strategies for these processes.  Limited B
empirical evidence ekists in order to guide curriculum develo- -

-pers in the preparation of materials specifically deatgned to. .
‘develop estimation skills. CJrrent research frequéntly combines. B

the measurement and estimation processes rather than focusing
only on mbe estimation procesa _ ‘ . . ,

. oy v .
This study addressed” how the nature of estimation gk 11 instruc—
tion-affects prospective teachers' abilities to estimdte metric i
length and area. Four types of estimation skills were fdentifi-:
ed by an estimation matrix which were based upon the physical®’ :
absence or presence of the unit of reference during estimation

-

'skill had on the transfer to tgp'remaining three t

and the physical absence or pregence of the object to be esti- N
mated. Specifically, the investigation sought to determine What T
effect 1nstyuction for one type of.length and area estimation

yges of esti-

mation skills ' ‘ . ) I

Instructiongl strategies employed we}e: . , v
1) a personal reference unit; - o .
2) a cut or drawn unit of reference which was put out of
sight before making an estimate} and, :

i 3) estimation without specifying an explicit scrategy -
. N .

Ten hypotheses were tested relating to twoquestions;

1) 1Is one of the three instructional strategies more
effective in reducing estimation error? .

2) What effect explfcit instruction to reach criteriqn,
fow one type of estimation skill had on Esi ability T
to 1mprove the remaining:types of metric ngth and ‘
aread ‘estimation $kills? ° -

A




' . '

After a pretest, 126 sdbjects were rhgdomly assigned to one of
the instructiogal strategies. Utilizing self- pacéd instruction-
1 materials, g?:ﬁ?hta were instructed to criteriqh in one type
f estimation skild for length and area. Criteriqn veferenced

‘ mastery tests were admintst red after eqch lonstructional mbdule
" After instruction-93% of the studants demonstrated mastery of
length estimation skillg\ind 81.7% of the students demonstrated-
-Mastery/for area estimatidn.skill. Upon achievement of mastery,
a retentioh/transfew test was admipistered to determine the
qhility_to perform the oghgl,three es(imation types' for which no
fnstructiow or prdctlce_was given.

-

-

"\, Non-parametrlic statistical techinques were used to compare estiﬂ‘

< Q_‘:’

.~ compared for subjectss i nsnructedin theuse ‘of the personal re-
ference measure strategy o the scores for sub jects instlugted
in the use of 'tha unit reﬁetence strategy amd also with those
sub jects who were given ng speciflc instruction in estimation,
strategy. The Wilcowon*stgned ranks test was used to compare
estimation error 3cores, before and’ tollowing instruction fog.
each ot the 1nstruction 1 strategies for each estimation type

'(" mation error. scotes on the re;entton/transfer tests., Scoras were .

‘As a result of teqring the hypotheqes the fo[lowing conclasions
vere reached:

; , / .
: /

ny 1) The personal retTrence strategy was significantly more

arfectlve in ehe\reduction of estimation error than the
uni't reference ‘strategy for estimation skill of the

_ sane type as the .instguction.

2), No- signitlcant differences were detected in ‘estimation
error” when the pemsonal reference gtrategy was compared
with the strategy in which no explicit instruction was
“aiven for the estimdtion process.

3) Concerning the "transferability of explicit instruction
in one type estimation skill it was concluded that

s, students who achieved mastery criterion during instruc-

tion ongestimation skill showed a significant. reduction
in estimation error for two additional estimation skill
types. Additionally, significant estimation error
score reductidns were noted for selected area estima-
tion skills.
« . T .
The results of the investigation could be emploved by curriculum
developers who desire to develop systematic instructions which
will lead to the development of speC1tically identified types
of egtimation skills.

\
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Oklahoma State Department of " ’ - _ 2
Education and Moore ‘Public Schools. '
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Rosalie M. Grant
) John-w.=ganner , .
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If the curriculum is one of the major responsibilities of school

administrators then to meet that responsibility, administrators
‘must have an understanding of the nature of each of the disci-
plines which comprise the curriculum and of the ways in which
students learn those disciplines. Textbooks form an integral
part of the curriculum and’ fﬂeir selection is another of the

+ - gchool admintstrators 'reSpOnsibilities

Role of OSTA in:ﬁhe_écience Curriculum

»

In 1973, the Okiahoma Sciencé Teachers Association (OSTA) de-
veloped criteria to be used to examine Scienge textbooks. A .
workshop for science teachers was sponsored and using these cri-
teria, science teachers evaluated and rated scignce textbooks.
.The textbook ratings were compared with the science textbpoks
purchased by schools in 1974 Without exception, the books most
highly recommended by the OSTA were hot those most wWidely purch-
ased by schools. Data for the OSTA textbook ratings and schools'
purchases in 1977-78 revealed’ discrepancies similar to those. -~
found with the 1973-74 data. ,The greatest discrepancy in the
v1977-78 data occurred with the elementary science textbooks.

1

. \Statementlo( the Hypothesis

The hypothesis 1nvestigated in ‘this study was that school admini- ) -“c
‘strators having respon31btlity for selecting and purchasing e "
- 106‘ . l . '.. . N s .




science text{books, do not understand that science ﬂL élpfocess
of inquiry ahd that learing is best carried out through-investi-
gations. An inventory with a Likert-t'ype scale was developed |,
and tested td determine school administrators' attitudes towards ’
science and science education.

*. ¢
Validity of the Instrument

R . -t .
Construct validity of the inventory was established asking. 25
professors of s.ience education to evaluate whether a set of in-
ventory statements represented an inquiry~or exposition view of
science education. A point-biserial correlatiop analysis detect-
ed ambiguities in the inventory statements. . - -

~

The Sample
The sample ‘which responded to the -attitude inventory .consisted
of* 154 administrators of whom 34 were superintendents, 40 were
high 8chool principals, 20 were middle-junior high school prigci-
pals, and 60 were elementary principals. A proportional random
sampling technique was used for the study. THe sample size was
10.8% of the total population. Sixty-five percent of the samp
responded to the inventory. In addition to sampling school a@
ministrators, responses to the attitude idventory were obcained
from 25 professors of science education.

Data Analysis - v

[N

Two principle component analyses of the responses of administra-
tors and of the science educators revealed that five factors
accounted for 77% of the variance among science educators, but
five factors accounted tor only 55% of the variance among the
school administrators. Analysis of. the 13 statements which load-
“ed on each of the fiveé 'factors indicated that the science educa-
tors viewed science as process, that processes are basic tq
learning science content and fundamental to the way students
learn. Administrators, on the other hand, regérdéd science as

a content structured discipline rather than as process structured
and that is is most effectively.learned through lectures. Ad-
ministrators observed science to have g laboratory componént.

A one-way analysis of variance between each of the different .
administrator groups and the science ‘educators indicated that
there yas a significant differen e between the means of the
groups. - .

T~



e

Reaulté of the Study

‘The results of the study suggest that admintstrators view science

as aqlecture laboratery disctpline " They recognize processes
used in learning. science, e.g. obeervaS{on and predicting, how-
ever when purchasing patterns of'textbookq are examined those
books which reflect science processes’ are not those selected.

' There i gome indication that administrators know ab ut science

processes vet they. cannot recognize the seience process ag it {is
related to the mature of learning and the- approach textbooks
uge Co promote the learning of science

p—

-
L}

Adminiqtrators recognize the importance of collecting, interpret-
ing and ‘prediciting :from-data but they do wor" underscand the-
relqttonshtp these have to intellectual developmeqt

\
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: ' : cchITIVE'STYLE AND THE ACQUISITION AND TRANSFER + | '(.

OF THE AB;LITY TO CONTROY, VARIABLES -

oo
I3

N - N 7 T L= ! N . o ¥ (': - J | . 0 ./"“
' T o, ’ Barb;Ya M StrJLitz o ? L
- - Louisiana chte University

Baton Rouge, LA 70803 f
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Although teaching students to control variables® is an important ;
' ) .and pervasive goal of;most eleméntary sciedce progreams, there ' \
' is little evidence to indicate that sugcessful instructional
procedures have peen devised to help teachers deal with the
difficulties some children encounter in learning, retaining,
and transférring this scheme. This is not to say that some of
the training st!'ies reported in the literature have not been
effective, but ' dnly to suggest that perhaps the<ef%ects of in-
‘struction may best be understood by focusing attention on indi-
vidual differences - in learning and by lopking at both retention
and transfer as 1earn1ng outcomes.

’

N

The purpese of'this investigation was to sfudy the effects of an ‘
instructional procedure designed to teach fieldodependent as well- - - °--—
as field independent sixth graders to: - o
\' » . “ _'
)
a) control variables, and, N
) . transfer this ability to tasks differing

——/ from the training tasks.

‘The neoPiagetian theory of Pascual{Leone (1970) and an acquisition
model for the control-of-variables scheme proposed by Case (1974,
1975) served as the framework for designing the 1nstructional
sequence. N

’ ' ¢ .Subjects in the study were sixth grade students judged by the%r
R teachers to be of at least average academic ability. Subjects
~were listed in rank order ‘according to scores on a measure of
cognitive style, then-56 fyom the extremes of the distribtuioh
were: randomly assigned to an experiemental or comparison group. :
Twenty-nine students, 15 field independent (FI) and 14 field Ce
dependent (FD) were assigned to the expetimentaL group, and 27
‘ students, 13 FI_and 14 FD were assigned to the comparison group.
All subjects were pretested with the bending rods task (Inhelder
“and Piaget 1958) in individual interviews and three who .

~ 3 —

~
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- 0 controlled all variables were dropped from the study. - Students ‘ e
' : in the experimental group were individually instructed on control- '
ling variables in three 25 minute sessions over a four week period
LT ) Studenta in the comparison group worked individually.in an open-
. C “ended mode with the same materials ag the experimental group in , . —
N . three 25 minute sessions. Approximately four weeks after the ;
last, training session, three postﬂbat tasks were pdministered to
all atudents These tasks included the.bending tods task used
. in the pretest and in trdining and two transfer tasks used to °
* determine whether or not the students could apply what they had
learned in nqy situations . - P
iy e T Group Embredded Figures Test (GEFT) developed by Witken et al. AR
er » (1971) was used as a measure of cognitive style. Controlling
variables tasks were bending rods (Inhelder and Piaget, 1958),
ramp (Wollman, 1977) and lever (adapted from Bredderman, 1973).

.~ Duna planned anelyses (Merascuilo, 1978) were used to ekamine
all pairwise contrasts, treatment effects, and treatment-cognitive.
etyle interaction effécts for the Nean umber of variables correct-

) ly tested on each task. T-tests we sed to test all contrasts ,
. except one where group Variances were found to be unequal. 1In e
that instance t* tests based upon the Welch -Aspin approximation 7 ol
. to the t distribution were used \ .
The major findings in the study were: ' \ -

1) There were noﬁéignifio&nt differences betweén-or-within
groups on the preteﬁt task. )
N : "2) Students in the experimental group correctly testedﬁ
significantly more variables than students in the com-
o parison group on the training and transfer posttest
! c tasks. .

3) Field independent students in the experimental group _
' did not perform significantly better than FD students -
v on the training and transfer posttest tasks,’ but a
strong celling effect 1imited differences between
subjects

' 4), Field independent students in the comparison group
performed significantly better than FD students on one
. _ _ of the transfer tasks (lever). .
S) Field independent students in the experimental group
performed significantly better than FI students in the
. comparison group on the training task (bending rods),
however they significantly out-performed FD. students in
! "the comparison group on all posttest tasks (bending rods,
* ramP, and lever).

[} L4
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) , . 6) Field dependent students in the experimental group
- . performed significantly better than FI students in the . = -
‘ ' o, - comparsion group on the training task (bending rods), R
¢ ‘ . however they significantly dut- -performed FD students
' in the comparison group on all postcest taska (bend-
ing rods, ramp and lever) -
7) There were no significanf %%eatﬁbnt -cogpitive _style
interactions on theé training and transfer posttest
tasks. . ~ .
. . T e
The results of chis stu y indicate that FD ‘as’ well as FI sixth Ve ) |
“\grade students can be taught to trol variables and to ttansfer A
Gy e e e this-ability to-nevel -tasks. - CogMive. style, however, ‘does seew' < - - < eneietn
l - " to influence learning from a pafticular instructional method. In - . :

this study a method of instruction designed for FD students was
also very successful for FI students, while a method allowing
students to freely explore equipment without feedback was effec-.
tive for only FI students.
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THE RELATIONSH%K OF PIAGETIAN MENTAL ATTRIBUTES“ T . ' ';tj

AND THE DELAYED RECA{LL OF. UNEXPLAINED | \ R

' ‘ .

CHEMISTRY TERMS PRESENTED IN A LECTUBE N

¢ rd

N\

'Deborah-Jeén-Vojtke-.-h--w;~u---—é-—w‘lmw_g~~w——;~
- University of Pitt;Burgh .
Pittsburgh, PA 15260 -

One of the major and frustrating aspects of science teaching 1is
how students demonstrate learning through verbal discourse. -

_ Although models have been developed (Shavelson, Klausmeier, An: §r

~The sample was 37 high school chemistry students (of twd sections) kS o

derson) none of these treat verbgl terms at face value, as ex- ¥
pressed by the student writer. Cunningham reyiewed other models:
for measuring the retention of verbal learning substance but
concluded they had less than acceptable validity, as wouldsbe
found in similarity analyses er the meaning of terms.

®

A more contemporary approach is the use.of.WOrda-aa a verbatim,
measure in analyges with statistics designed for ‘this purpose

(Ziccarelli and.Moser, Modeling, Ziccarelli, and Moser, sNARST; . e
Rojas and Rojas, Modeling) This study was done to examine-” s SR

. 1) the validity of this'approach in coqﬁept iearning ' !
~and relationship!‘with customary teéting practices;
-and, ' -

2) Hhow the approach contributes to an understanding of. a
- association-recall of verbal discourse .

'.'. -

who 'volunteered for the experiment. Comparisons of 1IQ add their_“;_ R
course grades showed no significant differences betweew the\gtoup
orf 37 volunteers and the 22. students “who did not participate

The schedule was the presentation of a 15 minute lecturé on the ) 3f
kinetfc theoryi@f solids durtng which the Ss were urged to take .- %
notes, administration of a ten item objective .quiz (passiVe, S .

four days later), a seven day delayed prose recall, and a 40 {tem

objective test .administered eleven days-after-thé lecture:: The -~ T
lecture wag rehearsed and designed to use 36 concept terms, . It
was taped ‘to control for the use of the teyjs. - The analysis was
f@r these terms occurring in an immediate “and one-week:delaved
prose recall cued by "recall what you heard in the lectdre:"

The students were administered two Piagetian batteties of tasks
after the experiment. S - : e < e
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. The 12 terma of higheqt average freqdency of rccall during ‘each

jro-
There were significaht‘decreaaea'in the . frequency of the 36 . .
terms used in ane week recall passages, as compared to those of . W

. 7. the 1mmedﬂute recall “An average 617 decay in temm expreoaiona ' o

occurred tn that time of delayed recall. - o _ - o

L)

recall trial were factor analyzed with a prinadpal componenta W«
spproach and the obliqua technique of direct quartimih rotation ’
(computer program BMDP4M, Dixon, 1975).. Between five and seven .

factorq were needed in explalning 70.0 - 80.4% 6f the.variance. The - .
primary psychologiéal structure was terwa, descriping kinetic.- '
theory, e.g., ''close together, strong bonds, vibratory. maﬁion, P i
gain or’ loss, aRd potential energy'; these were all. delayed recdll o 'k
5 &

terms. - The second factor was of the immediate Fecall terms of"“ '\f"’
"sublimation, camphor dry ice, anil iodine,"  The ‘three - five _ _
factor loadings were of jntmediate and delayed recall terms. ‘The L
sixth factor was of the ‘immediate recall terms of '"solid-to- ' ’ y
liquid, mole, solid-to- vgpor™, and the final factor was '"sub-,. ° 2 A
limation'" of the delayqd recall. These results indicate that some ‘
association- recall retention learning occurred in’the &xperiment

The validdty of verbal discourse in characterizing objdhuﬁa;%;est B 'Td?r
performance was examined with discriminant analyses of higﬁ and o
low performance on objective ;g’ n kine theory. Four terms « -
in-immediate recall significantly discrimisgged (p %..05) abov%

and below mean performance on the quiz administered four days

later. The¥erms were: 'solid, definite volume noncompressi- © C
bility, and potential energy.” The:* canonical function corregtlyww,h._r,w“am
classified 87.5% of low scorers apd 61.9% ofﬁthe students earning -

abové average scor®s. The canonical variate of immediate recall ° ,
terms of ''solid, properties, melting_ pOLQ§ﬁ and. crystalline" . Y
discriminated for test performance at th Olﬂievel of signifi- *»: . « !
cance. There were 86.7% of the low scorers and 81. 8% of the group: '
of students earning scores greater than the mean. qho were correct-
lv classified by the group of terms . FEEEN

Canonical and partial correlation anatyses were computed for
examining the role of association-recall- for, delaya‘éprose state- o

* - ments. The 12 ﬁbst frequently used immediate: recall térms were

{dentified as ope set of variables. ,The terms oﬁ the dela d‘% L SR

, recall which had the reatest number of intercorrelations were™

fidentified as the second set of variables.. -Only three pairs of ° - "\y'w
recall task terms, according to Bartlett 8 Statistic (computer N ‘F-;
program BMDP6M, Dixon,” 1975), were needed to explain 59 to J2% of N
the delayed recall canonical variance with, 1mmddiate recall terms “
“after the removal of the 11near dependence betyeen the' 12 delayed
recall terms. The pairs of immediate :and deldyed recall terms,

‘respectively; and in their order of 1mportance were: caﬂpﬁor and" .
~dry ice, melting point and: 3011d~to liquid and weak vibratory . *ﬁée“?
., "motion and close together _ . ’ . : e
. A g ’ % C C
g ! | &
113 i . 3 \\
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These reeults clearly indicate that after controlling for delayed Sﬂ; o
— = .. recall of associated terms there i a set of immediate and delayed' ':: v ¢ 7
Co " terms ‘'which have logical meaningd, garding the principle of kine- ﬁ:;?§§;
' tic theory ‘ . ) v St ;kg
1 “k? - jl . . « :,: ‘“\,.l

The results of these Analyses dgmonatmte that the verbat:im ap- - -,~_.-,_'". w "
- ¢ proagh to verbal ‘discourses yalidly describes the learning of L R

concepts for the principle of winetic theory. Thts conclusion
orted by the finding thdt words of high similarity of

_ are probably encoded fnto a logogen memory as proposed
by Paiyio (1971:. This: study 23 probably the first+ one which
demongtrates a means for charaqterizing how students cognitively
rocess scientific concept terms form a lecture into memory

nts for a ‘deldyed retrievk{\in a verbal statement

.
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e : ‘ PANEL: “1sSUES N SCIENCE EDUCATION -~ WOMEN IN SCIENCE

¥

— " ‘“ T e S i’ariel ﬂé;ﬁb'ers:. B Bee e e T e e e e s o s s —— :',
N‘ .‘:‘ - . \ . ) i H .- : . . . . . “ _‘\
R _ _ Jane B. Bowyer . Margia C. Linn " Elizabeth K. Stage ;
| ; p _ S © * Mills College Stanford University ‘Uhiﬁeraity of‘Calif., ]
I K ‘Oakland, C4 94613 Palo Alto, CA 92605 Berkeley, CA 94720 oy
‘ \ ! ’ v ) * . :t \4‘
Speakers: - 2 v -
Michele L. Aldrich s F. Tamea.Rutherford-' -
.American AQsOélazion . Assiscaat Diractor for Science B

for the Advancement: Education : . ;
. of Science . _ National Science Foundation ..
"Wash'ington, DC 20550 . fWaahingt%p, DC 20550 3

L4

Befbeea 1950 and 1974 the numbBer of male workers in the labor force
increased by 25% while the number of ‘female.workers increased by
100% according to the U.S. Department of Labor. Meanwhile, over the
last ten years there has been no _change in the percentage of women
participating in science or science related careers according to

S. Astin® The number of programg“available to increase the rgpre-
sentation of ‘women in science has increased dramatically during the
‘past_years. Why are women still underrepresented? What can we do
to change that situation? The speakers in this panel. will address

* these tssues from a number of different viewpotnts g :

ibuchele Aldrlch of the American Association for the Advancement
of Science has been conducting a study of the projects on women in
science, engineering and mathematics that have been conducted in
the U.S. since the 1960!s. Literally hundreds of projects have .
been instituted. Perhaps the best khown have been those funded
by the National Science Foundation, including a visiting women's
scientists program for high school, hcareer information workshops
for college level women and career facilitation projects for women

Lis :  ;_:_:. R o L

- e - [P,

» In recent years womem are entering the labor force 1n record numbers‘
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reentering science careers. Dt. Aldrich will discuss the implica-
.tion of her findings and suggest diractiona for future projects
to 1ncrease the reptaqcntation of women {n scieﬂdo! R

Retaining women’ in acionce and sclence relatcd'programa is often

a problemi  Dr. Elizabeth K. Stage of the Group in Science and ’

Mathematics Education, University of California, Berkeley, will

summarize research and program activitiy aimed at increasing re-
 tention of women in science programs. She will describe success-
. ful institutional efforts and identify strategies- that can be used

by individual teachers of science to increase retention of women.

“Recently research on gender related differences in attitudes and
_aptitudes has offered some interesting insights into -the partici- =
pation of women in science. Teacher awareness of and response to
these differences will foster participation of women in science,
Dg. Jane Bowyer, Mills College, will ' summarize research to date
abopt -gender related aptitudea and attitudes that are correlated
with achievemedt in science. She .will discuss teacher traits -that
have been shown to be conducive to encouraging female articipa- "
tion in science. .

*

Dr. Marcia C. Linn, Stanford University, will'diséua& rasearch v

" on science concepts and problem solving. She will coptrast areas _
where there are no gender differencea..to areas where gender differ- D
ences exist in problém solving. Aptitude differences which relate

' to women's strengths and weaknesses in ,problem solving will be %
presented. Suggestions for research to identify aptjtude treat-
ment interactions follow from these. findings.

The"National Science Founda:ion is concerned about the represen-
tation of women in sctence. 1In addition' to the women in science
,program described earlier, the science education 'directorate gives

" high priority to proposals in all their programs which" incorporate
a concern for the underrepresentation of women- in sciepce, Dr.

F. James Rutherford, the Assistant Director of NSF for Stience
Education, will comment on the approachea that science educators

could take to respond to the underrepresentation of women in

‘science. - ' '
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;. school or college, ‘the students'
.~ to think formally (as defined by Piaget), and their pre-instrucs

gram.
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VERIFICAbeu OF A‘CAUSAL.MODEL

FOR STUDENTS ACHIEVEMENT I

Ty g

T I MECHANICS IN A COLLEGE PHYSICS COURSE Ty
' . A

Audrey B. Champagne . e Ol

Leopold E Klopfer . - . . - C

- _ Univeraity of Pittsburgh ) R _
’ R \Pittsburgh, PA 15260 | E S

R A 3 [} ‘ . v ) o o “
Rationale and Objectives - . . e

)
The literaturq on physiocs education attests to the concern'of * . f/
both instructors and researchers for attaining better understand-
ing of the’ variables which influence students’ achievement in
college physics courses Among. the contributing variables which
have been suggested are the students’' previously taken.courses
in nigh school science, previous mathematics® courses in high
mathematics skills, their abildey

tional conceptions or misconceptions about phyqical pheabmena Ty e
However, the interactions of and likely causal’ connections between
these contributing variables have not beer. sysgpmatically favest i~ -

gated. The objectives of the present study were:

to construct a causal model for students’ achievement ‘ -
in the mechanics segment of a college physics course;

2) to estimate the path coefficients which link the model's
- hypothesized variables (as listed above) that contribute

. 1)

e -~ to achieVement; and, .. *

am3) to determine the extent to. which the observations verify
- 7% the causal model. -

Methodol gx and Design | . : S

e

<

Thisg study utilized the methodology of explanatory observational
research. In this approach, a theoretical causal .model is post-
ulated which includes both established and hypothesized causal '
relationships among the variables under investigdtipon. These
felationships are expressed in terms of structural equations,
and the causal .model can be represented in a path analysis dia-
When observational measures have been obtained for all
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. In the present study, the causal model's explanatory variables

three pre-instructi

e

the variables in the causal model, appropriate statiatical proce-

dures are applidd to establish the plausibility of the causal

model and estimate the degree to which the various explanatory,
variables influyence the dependent variable. - In:path analysis the
interrelationships between the variables atve examined by a

series of regression analyses, from which the path coefficienta

can be estimated. : 1.

were those variables’which previous research suggested as contri- ¢
butors to students' achievement in mechanics, the dependent vari-,

‘able.  The subjects were 110 students edrolled in an introductory

collcge physics cou g'e Data were collected from questionnaires
al instruments, and mechanics achievement
tests. The path coeff¥cients obtained from the regression analy-
ses indicated the strengrhs of the links between the observations S
of the explanatory variables and the stud&nts mechanics achieve-
ment Scores.

Instruments and Data '\\

Profiles ot each student's previous science and mathematics

., courses in high school and college were derived from question-

naires. In~addition, each student completed three pre-instruc-
tional instruments:

1) a written test of mathematics skills;

2) a wiitteq\test of the student's ability to think
formally; ~and,

3) a test to determine the student's misconceptions about
moving objects.

For fhis third test, the stufients were shown objects in motion

under several different conditions and were asked both to describe

what they observed and to interpret their observations. The

students' written observations and interpretations were analyzed N
to identify mis- observations that they rfeported and misgonceptions
that they applied to their interpretations of the eight different
conditions they observed. All these pre-instfuctional instruments
yielded numerical data.’ The students' mechanics achievement
scores consistéd of the sum of standardized scores from two mid-
semester examinations and the mechanics segment of the final
examination -

high schoel science taken by students and their ability to think

Results and Conclusions o ' o

The causal model poétulated aPrelationship between the amount of

118 ‘ . . y
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formally. Tt also postulated a relationahip between having taken
high school phya&ca and both the students' ability to think formally
anfl the correctness of their conceptions of moving objects. The
amount of high school mathematics taken was causally related in
the model to both the amount of college mathematics taken and the
students’ tested mathematics .skills.’ Moreover,/the causal model
.directly related four variableg (i.e., having taken high school
physics, mathematics skills, formal reasoning, and conceptions

of motion) to thq'mecﬁanica achievement scores. The strongest
direct relationship was observed between mathematics skills and
mechanicg achievement, for Which a path coefficient (p) of 0.33
was obtalned. Strong relationships also were ouzerved between
mechanics achievement and both correct conceptions of motion

(p = 0.24) and formal- thinking ability (p = 0.23), but only.a
weak direct relationship between mechanics achievement and havtng
taken high. school physics (p = 0.04) was observed. Voderate rela-
tionships, with path coefficients ranging between p = 0.06 and

p = 0.11, were ohserved between amount of high school science
taken and formal thinking ability, between having taken high
school physics and formal thinking ability, and between amount

of high school mathematics saken and mathematics skills. Path
coefficlents between all other pairs of variables were 0.03 or
less, indicating very weak or no links. ) '

It was concluded that the postulated causal model was generally
verified by the observations of the explanatory variables. The
main modification which the q;aﬁgts suggest 1is that having taken
high school physics is not dIrectly related to mechanics achieve-
ment 1n a college.course. However} this explanatory variable does
have a moderate effect on students® formal thinking ab111Cy, which
_in turn influences mechanics achievement. to some extent.

w @ '



- © INTERACTIVE INSTRUCTIONAL VIDEO-TAPES, SCHOLASTIC = [

. _ L APTITUDE,. COGNITIVE DEVELOPMENT AND LOCUS OF

. CONTROL AS - VARIABLES INFLUFNCINd SCIENCE ACHIEVEMENI

o e _,_,__ﬁ__,,_li_‘a!3911__*_'__-__}9_955‘&___________'_________ § e
. _ ! Edwin A. Helseth ’ R
T William E. Barstow

Univerqity of Georgia
Athens, GA 30602

‘Achievement in the sciences varies greatly across university
+ students. This variation is contributed to. an is influenced by,
o many variabfbs Some of these variables can be manipulated and- - g
are more or less under the control ‘of the instructor. Others are :
personalogical variables which are not manipulatable but need to ' 4
) o be indentified and recognized for’their influence on achievement. . .
- Y . ' '_Bloom (1976) recently hypothesized that moreé 1earning is influ- %
' enced by a student's entry characteristics than byiwariatiqps in ~
teachimg. .The two purpqses of this study vere to: e

.._.e_

1) examine the relationships between university students
.-entry characterist{cs and achievement in biological -
science; and,
2) to agsess the effectiveness of“interactive instructional
video-tapes in improving science. achievement. .

achievemefit because of the nature of the subdect matter or instruc-

: 3£%5§- conditions were scholastic aptitude (quantitative and .
€fbal), cognitive development, and locus of control (pther vari-
ables were {ncluded and will be mentioned in the expanded report).

Design and Frocedures "/ : o e
As mentioned above, part of the study .examined the, effects of B
manipulated variable; therefore, an .experimental design was employed.

~* It can be depicted as follows: Sl ‘ , L

vy

_ , 4 |
‘/ - ‘The vz;ﬁ;ises whi'ch were judged most likely to be predictors of

a
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. whaere: o : o, T \
I 0y = SAT Scores (vtrbal tnd quantitatjv.) - e
LS . ' Oé - Cognitivo Development Level - R . ‘
= ‘ - 03 = Locus”of Control. IR . o » - B
L X = Treatment Conditions '. . ' L R
N 04 = Achievement of Genetics COncoptn : I '
3 A%R : , ’ . Y
Other achievement data were collected at three.points in the ‘
; . study before the implementation of the experimental design. These
i ' data-were used in the regreaoion analysia to\mealure the influence
of the- entry variables.
i : : The experimentally accegsiblc pgpufhtign_!gg 120_jxgghmgg_higlggxm_QN_“_,;_
: ' students at the. University of Georgha. All students met in a .
R . single lecture section three days per \week and in.six different .

lab sections one. day per week. Data wédre collected on all students.

Randomization procedures were used to'a sign subjects. to experiment-

al or control conditions. The treatment was conducted during the .

genetics unit and consisted of video-tape instruction where the

stadents individually used a guided problem-solvihg manual while

viewing the tape. A concept was first presented and then the

student was requirea to solve a related problem while the tape . - S

delayed for a prescribed 1en§th of time before the next concept o ‘

was approached _ o S AU
{ ~ 19

Data Collectioq

Data on wll achievement variables were collected with multiple- . -
choice objective referenced tests. All iteéms had been piloted 7
previously. TItem, and test analyses were used to establish relia-
bilities and objective item matching by judges was used to ensure
. " content validity. A total of four aéhievement tests were adminis- :
‘ tered; one as a measure of tregtment effects and three as measures"// '
- of the influence of entry characteristics. Data on - the entry vari-
: ableg were collected through standardized .tests “or from student
. . files. .o : - ‘

1 . - .

Paad

Results of Data Analysis

Data on alftdependenf variables were analyzed using regréasion :
andlysis and a genmeral linear model program. “ _ e

-~

Ihg.lcaulia_indi££££d~t__t the 1nstructiona1 intorﬁétive video- . " :

Lo UL SO U U U WU ¥

3.
]

tape did significantly and poaitively influence achievement on - ’
the genetics concepts. The increase in achievement amounted to ! -
‘approximately 6%.- The entry variables also proved to be signi- I
ficant predictors of success on all achievement measures which :
individually predicted as much as 39 and 47 percent of the vari-
ance 1n achievement. [n all cases thegg were better predictorsw
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"science achievement.

“w

of achievement than any other entry vﬁriables On all the achi-’

_ evement variables, three or four factor modela predicted as much

as 60 percent of the vapiauée in science achievement.

Conclusions

Regression models based on entry characteristics of studgnts
can be developed which will significantly and copsistently pre-
dict achievement veriance. It is also possible to influence,
science achievement through the use of interactive instruction-
al video-tapes. The former results support the recent corten-
tions of Bloom; but, the.latter results show that instructional
intervention can still be a oignificant factor in 1nf1uencing

!
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! .. o - THE. INTERRELATIONSHIP BETWEEN PROPORTIONAL Rmso; C
VISHAL SPATIAL ABILITY AND SEX &
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PrOportional reasoning 1is necesaary in sci@nce math and in . T :
related areas, as well" as: in everyday hxperiencea - w .
A\ ~ . 1
S&honberger (1976) ‘has shown a relationship between viaual apa; . _
R tial abjlity and. mathematical problem ‘solving. A numbef of other -
A ~studies have indicated a relationship between visual spatial ab- '
. 41ity and mathematical abilfty and between.visual.spatial ability
_,and certian physical science careers. Indeed, Julia Sheérman (1967)
has suggested that sex differences in . various aspécts of intellect-
. ugl functioning may be related to spatial perception. In-studying
' : the source -of sex related differences in rathematics performance . .
.Fennema and Sherman (1978) .found.that rgaults differed by school. %. .
The- purpose’of this study was to investigate’the relationship N

-

"between proportional reasoning and visual spatial abiLity ';~;i:i

In order to study visual spatial abik;ty 1n relatiOnship to pro- ) ' !
- portional reasoning and school differences, visaal spatial tests
from the ETS Kit of Factor Referended Cognitive tests were admini- B
" stered td'approximately 200 bigh school students in grades nine ).
and .eleven. Thege students were. tlso given written _proportional
reasoning tasks (similar to tasks‘of Karplus) and verbal compre-
"hension tests. From this group of students, approximately eighty .
students (forty with a high visual spatial ability and forty with - '
a low visual spatial ability) were aelected to he tested with '
Witkin s Group Embedded Figures Test.

\.

e
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The results,indicate significant sex differences in three out of

four of the written proportional reasoning tasks and in the Piaget- Yy :
{an balance, with males performing better. In these same tasks )
eleventh gradera performed significantly better. Significant dif-
ferences were also fouhd between the two schools on these written , _
propottiOns, on the Pia ian balance, on the GEFT, and on two, out o
‘of five of the visual spatial tasks. - :
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ﬁigh correlations were found between the balance and written pro~‘

.portiona, and between proportions and visual spatial tests, where-

as correlationd between verbal comprehension and proportions were
considerably lower. The PSAT score correlations also broke down:
into two categories: the GEFT, proportions, and visual spatial
fests correlating more highly with the math scores; and the verbal
comprehension tests correlating more highly with verbal scores.

>

To summarizg, the results indicate:

1) a relationship between visual spattal ability and
proportional reasoning; . ' :

2) sex differences in proportional reasoning but not
as clearly in visual spatial ability;

- 3) differences between school. populatidns in propor-_

+ tional reasoning; and, . .
4) a relationship between vtsual spatial ability and
PSAT math scores. -
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IDENTIFYING ASPECTS OF COGNITIVE STYLES AS A PREREQUISITE. . .

\

TO INTERPRETING TEST SCORES

. Derotheh Grimes : -

. . Rutgers Universicy . P
' New Bruanswick, NJ.08903 C ) h R

o

Test scores are broadly accepted ad a measurement of some cogni-

S tive ability or skill., Within the classroom setting many situa-

° . tions call for testing where the test score is often used to de-
tect a student's lack of concept attainment.

“ _ This research interprets test scores on a three-term series task
by isolating and identifying individual strategies adopted by
subjects. We have found strong evidence of two consistent indi:
vidual preferred ways of Organizing information on the three-
term series task.-. Introspective reports were collected from

subjects after the task was - completed. Two distinct habitual’
‘modes . of prohlem-solving were identified for the majority of
subjects. One group-offsubjacts spontaneousiy chose. 8 (Con- ,
crecte) properties approgzh of assigning physical -properties- to--"“-"“'"""ﬂﬁ

" objects used in the task. A second group chose an (Abstract) |, '

o directional method of representing the objects in the problem

. .. along some abstract imaginary.3cale. .The Concrete propertiei e

group made more errors than did the Abstract directional group.

" Alsp, differences in performance on opecific dimensions of the .

task as well as performance on certain measures of spatial ab-

ility could be accurately predicted for both groups. ~ Although

it might be expected that both strategies would have allowed

for accurate completion of the task undér non- speeded conditions,

our tasks, as are most test-like situations, were administered

under highly speeded conditions ~

These results suggest that test scores may be a reflection of an
individual's strategy selection and not a true indication of -
_ _ lack of concept attainment. Greater emphasis might thevefore ° : _E
1 . be placed on identifying aspects of "cognitibe stylee" as a '
' prerequisité to interpreting test scores.
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SPATIAL-VISWAL ABILITY AND succrss N EARTH SCIENGE IN ' ol
C T | HIGH SCHOOL AND, COLLEGE - R

o : & Foa o0 N
{ . ." . ) %’«!""- N ";1 ‘
N Gayle Henkin o < oo
T L‘ ) RN | S Lo S
o T o Rutgero U*iverlity ~f‘"‘““7"“?*f”" T S
* v o cL : New Brunawick NJ 08@03 ' . A
3 ':,Jﬁ

With the renewed interest in the study of abilities and eon-
- ditions which facilitate learning in achools arises a resurg~*
Lo, : ence of research igterest in the construct of.spatial-visual.
“ability., Spatial-visual abiiity spans the gap between coguni-
tion and perception. It is widely postulated that a major
. component of the conceptualizations of natural science rests , :
within the domain of .the spatial- -visual. To. what degree suc- ‘ L
cess in sgience is dictated by spatial- -visual ability remaine Ly
an open aid crucial question. R .
A major contribution to"this field of work is the body of 1itera1
ture on field independence developed by Witkin,"G ydenough and =~ . .
_their associates. Witkin showed that. among. collegg student®, .. ..o o
those who are field independent achieve higher grades in mathe- = . = &
matics, science, engineering and architecture than” those who are N o
field dependent. . . S L

One part of'the construct of spatial-visual ability concerhs the -
facility with which one can extract and use simple patterns from Lo
. within more complex designs. This.operation is termed restructur-, - = .

. ' ing; the. research instrument ised to measure this operation is the
Fiibedded Figures Test. The current study uses students' ability
to restructure as a tool to predict achievement in pecific sci?.’ ¢
ence classgses at the high school and college 'level. @rhe test- popu- )
lation consists of two groups of science students, 100 ninth '
graders enrolled in earth science and 65 college sophomores en- .
rolled in a map reading class. Bqth groups ‘took .the group form '
of the GEFT before they stufed’ ‘a unit' on contour mapping. Their
scores on the GEFT were correlated with thHeir scores on'the achi-
evement tests covering contour mapping : - S

L It 1s hypothesized that students who are strongly field independ-
v _ ' ent will score higher on the contour mapping test than their’ . * ..
' field: dependept_colleegues both in the high school group and the

‘3 oy : . . Y
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and from each other. -Although there seems to be no predictive:

B : f v .
college group. Suporior rcnttucturing skﬁll uhould Facilitate. ., .
scademic success. The’ phenomenon should be atronger in older o
students where the spatial-visual skills mdy be more cohsolidated.
Furthermore the GEFT will show: that fdber htgh school students .

are nkille at regtructuring , o - - 3,; 5‘ o

- . o .
The. r"“1t’ fot YOU“E hish Bchool atudcn;n luggect that the re-" S
-atruccﬁring meaaure ia\mpderntely predictivp of success in earth - . '

science (r = 232 By.. cantrast college sophomores iiffer widely
in their restructuring abitity.both from high school students. - . . = .

‘ . oL A
relationship using this meaBure for college women', . for. college e
men theé relationship is aigntﬁ1Caqt ‘at .fhe .05 level, r= 33, - Y
Among the field independent men ghe res ructurtng mopsure prodtcta W

~."grads very“ntrongly;“rr-“793¥1p' 001: ' ) A

.

These results seem to suggest tha the restructuring ability is '
aot as highly developed in: the high school years ‘as it is ina
college age population. It would thus appear that the high ‘school
may indeed be the appropriate place for effectiva. intervention

to develop greater spatial-visual-capacity, Although this is a
highly speculative notion, " effective intervention dimed at the
spatial-visual capacity could be a 1inR to more effbbtivo science’

education ‘. .
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‘those defined by Piaget's formal level-of operationh which,is

-below, isg to try to teach concepts that are very abstract.

. test.

_VWere used.
-'c0mbinations, propz;tions, or probability

(r = ~39) than for the scheme of combinations (r =

PROPOSITIONAL LOGIC AND ASYNCHRONOUS -~~~

DEVELOPMENT IN SCIENCE EDUCATION

< . . - s

' Geraldine J. VandenBérg'

. a2ty A
v

lg N Somerset County College . .
-~~$~~~~m“ﬁmw~-~¥~~SomervttigrmN&—988?6 BT T &ZE;
- R . . . . . 3, v o
During . the time we have students in our educational system, thdy . L
develop.through various .cognitive, stages as defi'n by Piaget. - ,
The thought processes required in science have bed¥ linked with ‘-

characterized by abstract thought . However, .the nature .of - science'

education in the United States, Even at the middle schools and..
_ Thls,l e

as a review of tHe. literature tells us, is not. possible if)the- . 'T“jﬁ

students are not at the formal level of thought, partiCUlarly o

in science oriented courses, . K T s

It;-therefore, behooves us tq'diégnostthliy determine at what

level students are before we attempt to present these abstract

concepts. It would also be important to determine:

R ) ' : ) °

h 1) . how we can enhance these formal operational i

_ : reasoning abilities; and,

b 2)--what is their pattetn of development? _

’ _ 2w . . .)-

According to Piaget, these formal operational sc¢hemes develop in

synchrony

-

-~

Si(ty aix subjects ranging in- age " from 13 to 73 years, drawn from :

a heterogenous population,.were tested. A propositional }ogic '
Consisting of disjunction, implicat ,_and biconditional

statements was developed and validated. Iktxon', thirteen

formal reasoning tasks, nine clinical and fo paper and pencil,

These assessed either the\scheme of correlations,

The' teat/tasks were

1ndividually administered in a randomized sequence

The results show that propositional logic is positively reLated L
to ability in the formal operational schemes: The Pearson Correla-

tions indicated that the relationship is stronger for the schemes
of corrblations (r = 58, probability (r = .63), and proportions: | .
.22) (all p. ¥ .04).
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olViﬂg p rrelations and probability tasks, may be helpful in
‘1;1ng prop tions tasks, and not necessary in aolving combinations

hY x. 1 . L

psi g orﬂering theory. The prerequisite relations among the

est wel deg ined by utilizing the response patterns of the

stjg;fq. -t wa ‘determined that both the schemes of proportions
3§§N§ _ations\ﬁfe prerequisiteé to the scheme of c¢correlations _

e scheme)} ¥, probability. Furthermore, the results indica-
e ‘corrgiations and probability schemes develop independ-
. NN = |

\ “ One outgﬁBWth bf tht? ;esearch might be to determine how the thought
' process detined by, prhpositional logic develops. Perhaps there is

a critic -Eﬁ \L] when we could focus on these logical operations of
proposi@tq“" gic in“order to induce their development. If abil-
ity dn- prdﬁ@&i ional 1&gic is in fact a significant ingredient in
formal réus g then ih turn, formal level reaqoning would be
enhanced '

ln addition ‘}.Ghld seqils that if there is a hierarchical relation-
ship among tHe{§3ﬁmﬁ1 oberétional schemes, then further research

should be de91& guch thaq gach of the formal schemes is assessed
individually. O% drwise,’ igﬁgs quite possible that accurate, results
wotild not be est#fy . ‘qﬂi :

¥
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. ORGANIZER ON m{mmmv PUPILS' UNDERSTANDING

« QF SELECTED SCIENCE CONCEPTS . S k

[

Exyie\kyder

— R - RO S U +

Seuthern Univeraity
e . . Baton Rouge, LA 73#13 o .

. ' ', .Burtot E. Voss ) - '
Ay N a7 . .

- University of Michigan o |
- Ann Arbor, MI 48109 | o 4

This study was undertakén to: FE

1) determine whether specific experiences in the pupi®®' .‘Q
: background significdntly influence the ability to &
understand two concepts on air pressure; and, Cy »
2) investigate the effects of an advance organizer on. .
the pupils' ability to understand the two concepts\ ¥
It was hypothesized that previous exposure to cextgin relevant
experiences would enhance the ability to master the concepts’ in-
volved in the study, whereaa a lack of. @xposure to these experiences
would be a disadvantage ‘to the learner. A background "Experience
Inventory," devefapEd‘Uy ‘the investigator, was admiﬂistered to a
group of 401 third and fifth gradera of diverse experience back-
grounds. On the basis of the information obtained on the Inventory,
a sample of 80 pupils was selected, representing 40 with '"good" . S
bxperience backgrounds and 40 with "poor' experience backgrounds. ' '
Other variables on which the sample was equated were grade, sex,
and ‘tregtment. Assignment of pupils to the first three categories

X

“was fixed, while placement into the treatment groups was random.

The experiméntal treatment was based on David P Ausubel 8 sub- _
sumption theory, which states' that the understanding of new learn-
ing materials can be facilitated {f the learner has available to
him, in advance, a very gederal, abstract, and 'inclusive statement
whith subsumes the new and more specific content to be learned.
‘Such a statement enables the learner to easily and meaningfully
assimilate the new information..

-
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‘group did not receive the organizer.

were measured knowldege, comprehension, and application

~
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A demonltration fnterview was conducted, 1nd1v1dually, with every

" child ia the exparimental and control group, at which time four

demonstrations were performed. Prior to observing the demonstra-
tions, pupils in the experimental group were read. a 2§g;word con-
ceptual passage, cglled an "advance organizer. " The ofganizer

-

- contained background information considered necennary to promote

the understanding of the two concepts on ‘air pressura. The control

N
An achievement test: designed-to measure puptl underotanding-of

the two concepts, was administered on ‘the third or fourth day follow-
ing the demonstration-interview. Three levels of cognitive behavior

-y - P,
N N

The'fihdings'revealed that grade sex, and treatment aigntficaqtly
affected pup&?&underatandiﬂg of the two concepts, and that experi--
ence background had no st¥tistically significant effect. Statisti-
cally significant results were also found for the iuteraction of
grade and tfeatment. It was determined that the experimental
treatment caused the greatest variatfon in achievement test scores.
Achievement was highest for fifth graders, males, and. fot those

" pupils identified as having ""good" experience backgrounda prior to

PAYr e ating in the study. .

0

It was doncluded that: , ) ) s

1) the advance organizer is most advantageous to pupiﬂs
with rich experience backgrounds;
2) the adyvance organizer Japproach is a potentiglly‘

. effective instructional:tool for relating the contenr-;-

of "advanced" subject matter to elementary schobdl
children,

3) elementary school children in grades three and five
are able to grasp the concepts on air pressure, most
effectively, at the "knowledge' level of cognition

‘'  and,

4) some experiences engaged 1n by the children are
significantly related to the understanding of the
concepts on air pressure
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ANALOGICAL REASONING, LOGICAL REASOFING, ' S

‘ . : '"AND FORMAL OPERATIONAL THOUGHT

S ' ‘ ' Motris.A.'Enyeargﬁ " ‘ S
Rutgers Univeroity \ : , Cw }?

T s R e X ' New Brunswlck, NJ 08903 — T
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Objectivea and Rationale - _ A ' 7
‘ «~ ’ o ' o

Researchera investigating the'cognitive aspects of analogical
. reasoning often disagree about the nature of the relationship , o Ly
bhetween that type of thought apd Piagetian operational thought. * e
Contrary to those who report that analogical reasoning requires
only concrete operations is a group, which fncludes Piaget,: R U

* that contends an individual must be tormal operational in order

to engage in analogical thought . . o : Y ey
o .

- 1t seems reasgnable to propose that if analogical reasoning is ) ¢

. indeed related to form operatiUQs, we should be ahle to intervene

on certain thought processes known. to be associated with that level .
of thought and observe predicted changes in analogiéalwreasoninghﬂm_,_M”mmm$M““ﬁ;
i’ ability. This study was designed to test thatvpropbsal.él ‘ N ?%ﬁ

MethodoLogy and Design . R

A

The non-random sample consisted of 72 students enrolled in an intro-
ductory logic course at a large eastern university ~A,pretest inter-
T vention-posttest. experimental design was employed with training in
propositional loglc being the independent variable and analogical
reasoning " ability the dependent variable.

-

Instruments and Data

-

The pretest data included non-clinical tasks to gstablish the degree

« .. of formal operations possessed by subjects (Lawson, Karplus, Adi, 1978);
verbal and numerical analogical ability (Lunzer, 1965); Group Embedded
Figures Test for field dependence-indeperidence; propositional logical
ability: and SAT verbal dnd math scores. Subjects were posttested

- | on propositional logical ability and analogical reasoning ability..
' Course achievement scores were also considered a part of the post- .
test data. ' . : i ,
(.' h ¢ T - - N 132
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Statistice from the SPSS program that were used to analyze ttie
—_— . data were correlationa, t-tests, factor analynin, and multiple

Lo ‘ .regerssion. . . |
Results . . i S
v o 1) Pr‘teat measures of formal operations were significantly,, 'f

positively correlated with both analogical reasoning
abilfity and propositional logical abilicy (p € .001)

2) Pretest measures of ropositional logical ability and-
.analogical reasonti ability were significantly, posi-
"_tively correlated (p ¢ .007).

[’g

3) The mean posttest scores on both the propositional logic
test and the analogical reasoning test were aignificantly
htgher than the pretest scores on the shme measures,

4) For those subjects shoding growth on the propoaitionﬁb
logic test and the analogical reasoning test, that
growth is related to the subject 8 score on the Piaget-
ian meastres.

Conclusions

r

By intervening 0N - specitic thought processess known to be associated
with formal operattons, it was possible to show a resultant increase °
in analogical reasoning ability. In addis}on, corresponding irdcreases
I'n analogical reasoning ability and propoditional logical ability -
were greatest 1n subjects that exhibited the greatest degrdb*bf

formal 0perations on the pretest.megsures. Clearly, 1f analogical
reasoning did not require formal dperations, hese results.would

not have been 1ikely to occur. :

Lry - i,_ AR
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ASSESSING THE QUALITY OF PRIOR LEARNING ~

Pinchas Tamir

Hebrew Univgraity\
Jerugalem, Israel

' Ramionalo and Objectivon “
L) v, f “ I/ -
rhe common way to assess the quality of prior learning is- by _
immadiate achieVement tests. Sometimes, especially in research
, studies, retention tests are administered usually a few weeks

after the comp}etion of the course. _ While both achievement

and retention tests are necessary and valuable, they have serious’
}imitations asffar as being indicators of the quality of learn-

‘ing. Therefore, many may agree with Ausubel (1968) that "perhaps
the most valid way of testing for organizational strength and-via-
bility of knowledge..,is to measure retention in the context of
‘sequential lehrning i situations where the ability to learn new
material presupposes the availability of the old.'" . Ausubel sug-
gested two approaches to the measurement of the “aptitude for
further learning" (Cronbach, 1963), or viability of knowledge:

1) Transfer retention tests;: which  require- students to oo

study an unfamilat new learning passagetthat is.
sequentially related to and presupposes “knowledge
of previously studied material.

2) Lohg term transfer éaradigm, in which the aptitude
of students for further learning in a particular
field is assessed by measuring their achievement in
the subsequent learning tasks, and by relating this
achievement. to their prior learning experiences

The purpose of this study is to:

a) demonstrate how the suggestions of Cronbach
- and Aysubel can be implemented in schools;
b\ describe a new instrument, the Prior’ Know-
A . : ledge :and Learning: Inventory (PKLI) and its
S potential usage;
c) demOnstrate .the validity of PKLI' and, )
: .d) introduce the concept Qf‘Retrospettive Curri-
X _ culum Evaluation.
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Method - : ‘ : -
‘The subjects of tha ltuay'warl 116 blology majors tnrollcd in -
first year college biology at the Hebrew Univeraity, Jerusalem.
Their distribution according to their high school program was: _ ‘
35% studied the old coyentional curriculum, 47% studied the: )
Israeli BSCS adaptation and 18% a combination of both. The dif- = e
ferent questionnaires and tests were administered as part of the - o
routine procedures of the college biology course, by the course
instructors. The following instrumenta were used: i
1) Background questionnaire which ascertained the ' !
nature of high school experiences;
2) Prior Knowledge and Learning Inventory (PKLI)
- - - was designed according -to—a-framework-suggested —
by Tamir and first reported by Young and Tamit
(1977). The inventory consiats of a list of
concepts or skills which is usually prepared by
the course instructor. For each item (c¢oncept .
or skill) the students are asked to make two >
independent ratings, one for each of the follow-
ing: .
a) Deggee of Knowledge Scale:, '
This is a 5 point scale in which:
1 = I don't know, don't understand
cannot do.,
2 = I am not sure {f I know, or,
» ' understand, or can do. ) -
' 3 = I think I know what it meana, Co
I think I can do. B ,
4 = T know, understand,‘can do well. [ =
} " 5 = I can explain, show how to do,
' to others. - .
b) - Prior Learning Scale: _ .
This-is a 2 point scale in which: _ el
1 = I have not learned this. : '
2 = I have learned this. , L
In the present study a list ¢f 86
.concepts and 15 skills was included.
The backgrouhd questiognnaire and PKLI
were administered in a special brienta-
’ ‘ "~ tion meeting 4 weeks before the.begin-
' ) ning of the course. \
c¢) Achievement Test: o ' - .
. Final examination conéistin% of 60 multi- N
ple choice items with KR20 reliability of o .
0.86. - .
- d), Perceived Difficulty and Interesq ‘
Questionnaire: (PDIQ) ? '
consisting of a list of topics included
in lectures, laboratories and group
discussions,  The students were asked .
¢ ‘  to indicate for each jitem on'a 5 point
scale (a) the perceived difficulty,
(b) the degree of interest. - .
7135 ‘ . p
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_quency distributions, means, standard doviationl correlations, _C_.“
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The last two instruments were administered at the end of the
courbe. The data was analyzed by computer programs ‘yielding fre-

trtests and analysis of variance.
‘ : )

Results and- Conclusions

1) The ctudy demonstrated the feasibility of measuring
prior.learning and prior knowledge as a rog;inge N
procedure in any course l Lo - ’

n

S

2) PKLI was found to be a valid and reliable uiaoure of
prior learning and prior knowledge of coticepts and  .° g
slkills. . o . L S b

- . - &

3) Knowledge at the entry to the university was found to
" be positively correlated to the .nature and quality of .
learning biology in high school’

4) Achievement in college biology was significantly cor-
related to prior knowledge, prior learning, and the
nature of the high school curriculum

o ) L
. 5) Pérceived diffieulty and interest were significantly
" " correlated to high school experionces; prior learning,
and achievement. '

6) The results indicate that the)inquiry oriented BSCS ' !
¢urriculum in Israel provided meaningful learning :

= eXperiences which had-substantial long term effects and - ,
gave significant and considerable advantage to. students ' £y
in their university studies. : _ K

7) Retrospective evaluation, buil®t on, sound theoretical o
ground, adds an/important dimension to the.field of ’ B
curriculum evaluation. . P

The potential of PKLI for guidance, consultation, ingtruction and~
evaluation is discussed in the paper

AN
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B " AN INVESTIGATION OF THE ACCEPTABILITY OF MARINE EDUCATION

'3 ~* CURRICULA -IN ELEMENTARY SCHOOLS IN MAINE

i

John W. Butzow t g
. : ' ' University of Maine ‘ : : -k
e .. ~.Orono, ME 04469 _ " ' . ;
. » . . wx‘*&f ; : ) -
' ' ) Harry H. Dresser
) - Gould Academy @ - S
Bethel, ME 04217 ¢ ,
) ‘This gtudy attempted to identify differences which existedfin a
. number of variables among schools which accepted, rejectedf or" *
o made exploratory use of al jnnovative marine education cifriculum. .
. The curriculum material congigted of one instructional unit (tea- R
' cher's guide) each for grades K-8. . Each of the ynits had an v "
_aquatic, or marine -focus, and each was an infusion unit. That 1is
it was intended to provide classroom teachers with exercises and
- _activities related to marine; or aquatic topic‘.for use in teaching
in their standard grade- level disciplines
The 8e1gcted variables for this study_werp percentage of male ‘
. teachers on a school staff; percentage of teachers by age categor- - B

ies on a school staff; percentage Of teachers with academic .pre-
‘ paration in mathematics, science, and social studies on a school"
: - -staff; school pupil to teacher ratio; school total number of pro- .

' fessional staff members; “community per pupil expenditure; community,
socioeconomi# status; and the number of highway miles from the
community to the marine environment. Organizational Climate De--
scription Questionnaire (OCDQ) opeaness scores, the eight subtest
scores, and school climate type by Halpin and Croft s protovypic
categories were also constdered T

Principals “of, 64 Maine elementary schools provﬁpedxsome of the
. necessary demographic data, and admipigtered the 0CDQ to their
teachers .following prescribed guidelines’ to insure anbnymity. )
At the same time, marine education: infusien units produced:by the-
 directors and staff of the Northern New anland Marine Education -
Project were distributed through the ‘principals to the teachers.
. : of the schools. At the end of a six-week study period, the prin-
s T . cipals provided data on the use made of the marine educgtion in<’
' fusion units by the teachers in their schqols. From‘this reported
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e g use, the schools were categorized into accepting schools, reject- | j C—
) - ~ ing 8chools, and schools which made exploratory use of the intro- R
duced innovative material. . “ . . 4

The variables of teacher preparation in mashematics, and teacher S

preparation in science were found to be significant variables at, w

or beyond, the .05 level of significapce by a one-way analysis

of variance. Schools with higher percentages of teachers with

academic preparation in mathen¥tics and saience were more likely .

to. explore, or. accept the innovative marine education materiél b

than were schools with lower percentages of such teachers.

i oo oo T-tests showed highway miles. from the marine environment and. .
- pevcentage of upper white collar workers in the communify to"

be significant variables among accepting, rejecting, and explor--
N : ing schools.
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RELATIONSHIPS BETWEEN STUDENT ATTITUDES TOWARDISELECTED

ENERGY ISSUES AND STUDENT PERCEPTION OF THE QUALITY.. .

'OF THREE PEEC ENERGY EDUCATION UNITS .

r
- ’

Lynn W Glaas ' " Lo L

B ol

'Iowa State Unlucrslty&
Ames, IA 50011,

XHelenmarLe‘ﬂoﬁman
National Science Teachers Association
Washington, DC 20550 )
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The challenge of ‘an ever increasing éenergy consumptlon rate wlll' '
need to be met from several fronts if our natiom is going to con-"
tinue to .prosper as we ‘have known it. One of the major fronts to
meet thig challenge is through the educational system with- high
quality curriculum materidls and excellent teaching. The specific
objective of this study was to: .

-
: &

Collect data from students in a fiald test of
three Project for an Energy Enriched Curriculum
(PEEC) draft units that would permit making |,
- rational decisions about’ the final form of the
{ three unit§. _
RYS 4 N

The P;oject for an Energy Enriched Curriculum is being developed

National Science Teachers Association” under contract to
ited States Department of Energy. The three units, Coal,
Ener for the Future, and Exponential Growth, were" deslgned by
the PEEC staff with concurrence from the broad-based PEEC steer-
Teachers were selected in a nationdl competition
tg write the units based upon the quality of an energy lesson plan
they submitted. The teachers met in the summer of 1978 on a col-

‘lege -campus where they had access to the necessary scientific and

" technical expertise to write the units based upon the outlines pré-

&

viously developed by the PEEC staff and steering committee
Teachers who had participated in a Natlonal Science Foundatlon
Energy Education workshop volunteered to field-test the mit erial’
Five teachers and 234 St%ﬁ;nqs participgted in  the field test of
Coal, six teachers and 2 students field-tested th_nentlal
Growth, and two teachers,and 171 students field-tested Energy for

139

¥ . RN .
4 .
Y . o 1'46;
. R . EY
’ ’ ve '
‘ (g}

L4 . . W
*

Al TETY AT T iS4A & > (.
W&‘W‘ 133:-‘{5‘“?2-“3\?_:;.\‘«‘,"’SW?_T‘"T‘- SR T TR

R

\f v «




__Teachers maintained g daily log of -their teaching actiVities with -

. of the units. : . 0

<

th.-Futu;e. All.students wera in grades seven through twelve.

the units as well as annot'ted the margins of the teacher's_copy

v

Data rcported in this atudy coge principally from a thirty Ltem
student questionnaire that was administered at the completion of .
the unit.: Ten of the items elicit energy opinion and were used

"by the National Asaeaamant of Educational Progress. *The remaining

items were judged by the PEEC staff, the author of this paper, and
3 panel of .twenty teachers to measure their intended pur pose.
Twelve of the items were designed to ascertain the students' per-
ceptions of the quality of the units, two items to measure the
students' attituzes toward school and learning, and six items to
determine studen

A

goals and to. collect demographic 1nformatidn

A

Although the de aila of this formative evaluation project are too
numerous to report here, they can beuaummariigd in three broad cat-

find sthool learning to be relevant to their ingetests rate most

‘egories,. Geni;aliy, students who find school work 1ntegest1ng and

_aspeCts of -alll three units very highly.” Students whp indicated a

willingness to conserve more energy if they knew’ how to also rated
most aspects of all three ufiits very favorably Students who pos-
sess & realistic view of BuUt energy problems, that is, do not
believe our energy problems are over, believe that energy shorts
ages pose a serious threat to the future, atid believe that ag

world consumption of energy increases avdilable ‘supplies to the C
United States will be less, algo' feel that the activitieg in ‘a1l
three units caused them to think a great deal abOut energy
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K & cooperative research effort of NARSTsand NSTA‘han been conducted . o
through the cooperative efforts of these two organizations . research ) g
committees. The efforts have {ncluded i !
_x 1) the ‘{dentification of researchxpriorities fg% teaching B N K
practices as perceived by elementary achool &acheqquw . N
- of sclence: and secondary school science’ teachdrs; Y
) . 2) ‘rhe. development of a research network for, science .
& educatign; and, - BT I
3) . the preparation of a proposal to indtlatn‘active .- . o
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. teachers in formulating, designing, conducting, : Cas N
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* RESEARCH ON “IHE ROLE OF-THE-LABORATORY
U . IN SCIENCE TEACHING

.J»‘ -—/-—\
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/

1) To briefly review the history of the laboratory in
. science teaching; _ o N :
2) To review research findings regarding the effectiveness
- of laboartory instruction; ' oo '
_ 3) To critically analyze studies conducted thus far;
" 4) To suggest iethods for overcoming the limitations observed
" in the studies to date; ' y
5) To suggest specific'new,dimenaiona of potential relevance
to teaching.and learning in the laboratory; 3
_6) “Tq_provide_a_synthesis of suggestions for reseaychers
working to clarify the role of the laboratory im acience
-education. S ' : - . 5

<

Rationaie

.

, For years; ﬁany science eduéators have thought the case for.sciéucq

laboratory teaching to be tod obvious to need much argument. Lab-
oratory teaching and learning has been assumed by many to have a
central and distinctive role in science education. At this time, .
however, some educators have begufi to seriously question the effec-

"tiveness and the role of laboratory work and the case for .laboratory

teaching is not as self-evident as it once seemed. The review of
research relating to the science labovratory prepared by Gary Bates
and published by NSTA in 1979 ptovides vgryhlittle evidence on the
basis of which extensive and-expensive laboratory teaching can be )
justified. It is also clgar from the review, however, that the .. .~ ... . .
research ‘is very incomplete and even inconclusive.’ 1f the research
community does not provide a critical ‘and positive response, it

is reasonable to assumesxth#t some educatotrs will cite the Bates
repart as justification fpr drastically curtailing laboratory
teaching. Past research studies can’ and should be analyzed and

criticized and new dimensibns and directions for research on the

laboratory should be prepared. Some areas or dimensions of lab-
oratory learning have never been properlyfexplored. The primary
goal of this symposium will be to review current researchh and
gstate of the art and to propose new directions for future research
and development on the important topic of laboratory learning in
science education. - ) :

A}
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A S'rimv OF SIXTH GRADERS' ENERGY AT@ES: T T

7 EVALUATION OF AN ENERGY MODULE s SE

e T et e e e

The purposes-of the study« ;Q_mnqaure the, change in attitudes

between the contrdvl group, "the group that studied energy, and the

i

group that used the.energy module, Epergy for Today and TomOrrow "*”““?““m\
(Catawba County Schools, 1978), and to compare the differences in .
attitudes becween sexes, ¢ ~ _ S ! ! )

[N

A'17—item instrument modified by Ayers(1976) of‘the=Penﬁ§yIthia ¢
Department of Education (McDermott, 1973) was utilized to ascertain
the attitudes toward electrical energy. The instrument items were

. grouped into three categories -- nuclear power, ‘environmental impact

gqof electrical power generation, and electrical powef generation. j

'fﬁ’ ° 3
Data was collected from four test sites totaling 163" sixth gra&e Q%
students (83 males and 80 females) Each subject completed the ) ,
ingtrument by indicating their degree of. agreement or disagreement . .
with each statement on the instrument. Based on studént reponses: )
the mean score for each statement was computed for each group atd
"sex group. At one site, a random sample of subjects (12 males and
11 females) was selected for a pre/posttest design of rhe energy
module. Both males and females showed a more positive attitude
toward electrical energy after completing the module. The gain
from pre to posttest> was significant according to a t-test at
the .05 level. Yt can be inferred that the energy module did bring

. ' ' .about a change in energy attitudes -- ‘although the length of time

(three weeks) and the small number of pdrticipants indicated fur-

ther analysis. A two—wayt§§QVA was done to ascertain the impact

of theé energy module upon tal population. 'The overall analysis
revealed significant tceatfient level (energy module versus control),
sex (male versus female), and interaction (treatment X sex) at .05
level. ' : : ‘ o :

) . L ' :
Due to significant interaction, the design was partitioned into
four separate one way ANOVA which indicated that the significant
interaction -(p € ;05) was caused by the male control group. The
utilization of the energy module provided males with more opportun-
ttires “for develo[)menr ol pnqir{ve attidudes toward electrical

'
)

'144;-
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energy than for females. The subjects in this study had lesas

positive attitades toward electrical energy than reported by Ayers.

Males within the control group were more cautious than females S
while the- females within the. energy module group were more cautious

than males. ’
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A PRE-CHEMISTRY SECONDARY COURSE ON PROPORTIQNAL CALCULATIONS

Madeline P. Goodaéein
William W. Boelke

Central Connecticut State College

N Paae Lot 1ol Yool M I REIFE UMY M e 2 DA I O
R N - . .

‘New Britain, CT 06050 .

The Sci-Math Project undertook the .development, teaching, and -
assessment of a course on th& applications of proportional calcula-
tions needed by secondary school students to study chemistry &and
physics. Seventy-six students taking college-preparatory biology .
studied the sci-math course during their regularly scheduled free
periods for a total of half a' semester prior to*the study of chem-
istry. Topics covered, not necessarily in order of instruction,
were rates, direct and inverse relations, direct and inverse
proportions, dimensional analysis, symbolic rate equations set up
from data, percentages, interconversions of rate and ratio equations
and graphs. Familiar variables from everyday activities rather
than frpom science were used for problems. Several simple labora-
tory experiments wusing familiar equipment were performed. A goal
of close to 1007 achievement was sét for the first part of the
course,
the ldtter part of the course was not completed. *

. The effect of the sci-math coUrsé on the ‘student's ability te solve

problems in proportional calculations not invpolving scientific

concepts was <dnvestigated, as was the effect of the course on subse- |

quent performance in chemistry. The data indicate that proportional

“problem-solving can be successfully taught-in the high school when |

applied to everyday and consumer activities. The null hypothesis
that students who had previously studied the sci-math course did
not differ 1in the use of correct strategies to solve chemistry
problems from students who had ‘not taken the course was tested by
analysis of variance. 1t was not rejected since the significance
was 6%. These results gtrongly suggest replication of this study.
An impdrved curriculum and a longer period of study may well make
the needed difference in chemistry achievement ' )

chres on the dci-math course posttest for the control group were
significantly related by the chi-square test to Piaget cognitive
levels measured by a written test. No correlatidn between post-
test score and Piaget level was found for the «Xperiemental group.
This sugqeats that srudents preparing for chemistry can-be tanght

to solve both concrete and formal proportional calculations inde-
dependent of the Piaget level of the students when the variables are
familiar'to the students. RN -
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To achieve this took longer than was_erected;so some of . ... ...
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' THE EFFECTS OF PROBLEM SOLVING ON_THE
ACHIEW;MENT OF EARTH SCIENCE STUDENTS

AS MEASURED WITH BLOOM S TAXONOMY

-

J. Michael Russell . ™ .
: . Averett (ollege
‘. : Danville, VA 24541

s

' Eugepe L. Chiappetta

“University of Houaton’
, Houston, TX 77004

Prominent ‘among the goals statéd for education is the inprove-

ment of students' -ability to think. . Problem solving is a term

that has frequenrly been ‘wsed to represent aand to promote the
notion of thinking. It has been defined for this study as a threé-
step procedure to include problem identifichtion, inquiry to’deter-
mine relevant information, and the discovery of relationships. ‘

This model of - problemrsolving has many :gimilarities to the applica-.. . ...

tion level learning described in Bloom s Taxonomg,of Educational
Objectives. .

The " purpose of this study was to improve eighth 3raders abilitv
to apply ‘and analyze earth science gubject matter through a_pro—'
blem solving approach to instruction. : .

’ .« The population for the study consisted of eighth grade eanth _
science students attentling a suburban middle 'school in the south-
west. Fourteen segtions (n = 287) were randomly assigned to seven
control groups. :

. B-
The control groups received a, tradttional textbook oriented ‘form
of instruction which included reading, discussion, ‘and laborakory
activities. The experimental groups “received instruction whic
included reading, discussion emphasizing application and analy-

, 8is level questions, *and problem golving 1aboratory activities.
The treatment lasted six weeks

A 40-item achievement test was administered to determine.the
‘ " effects off the treatment. 1t consisted of ten items constructed
at: the knowledge, comprehension, ¢&pp1icat10n, and analysis levels.
The- ftst reliability was determined to be..78, (Kuder Richardson
o 20). ) - o b
' - 147 . ' '




The Hotelleing's Tz_tegt was used to determine if a pattern of
differences was produced across the four subtesta between the two
treatment groups. This analysis indicated there were significant
differances (p € .001). ‘Univariate ¥ values computed for each
subtest showed significance (p « .001) in each case. A discri-

-minant function snalysis determined:that the application subtest
*(.70) appeared to be the best discriminator followed by the know-

ledge (.34), comprehension (.13), and analysis (.08) subtests.
. . . » -

" The median taionomicﬂlavel of teacher initiated questions asked

assroom discussion in the treatment groups was analyzed
ecorded on the Teacher-Pupi] Question Inventory. The
te that the mgdian levellof questions asked in the

during
from data
results indie

- problem 301V1“3-°1838°9 was higher (p < 1005) than in the conven-*"'_m“m

tional clagses. >

The results from this study indicate that the problem solving

approach used seems to be an effective meana for improving the
achievement of earth science students. It-will increase test

per formance at the knowledge, comprehension, application, and

analysis levels. Tn particular this strategy appears to have

‘greatest effect on, the application of subject matter.
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EFFECT OF A VALUES-ORIENTED ENVIRONMENTAL EDUCATION UNIT ON,

THE: ATTITUDES OF PRESERVICE TEACHERS AND ON THEIR STUDENTS

. .4‘
& - a S |
Dorothy M. Andrews g “ -
.reomfield Schodl S | . mee L

\

S ) . Harvard, MA 014531
Gerald Abegg - v

|
. Boston Upiversity
' wr Boston, MA 02167 ‘
N B . \ .
The purpose of this research is to evaluate the change in attitude
of preservice elementary teachers toward environmental .concepts
- : through instruction ina values-oriented environmental education
’ " ' unit and to evaluate the change in attitude.toward environmental
concepts of pupils taught by these preservice teachers during their
student teaching assignments. ,The null hypotheaes are:

S

[

1) There will be no difference in preservice elementary ,

' teachers receiving ingtruction -in-& values-oriented -~ - ; - =
environmental education unit and a group of preservice
elementaty teachers who have aot teceived this- instruc- s
tton R Coe

N

e - .2) -There will be no difference in elementary pupils' atti-
tudes toward the environment between a group of pupils
- : ~ .taught by teachers:who have received instruction in-a
' - values-oriented environmental education unit and a’
group of pupils taught by teachlers who have not re-.
ceived this instruction. L ' ' ,
The experimental desxgn developed to test both these hypotheses is
a Lindquist Type I design. The experiment can be summarized as a
. pretest/posttest control group design. To measure attitudinal
! change for the first hypothesis, Environmental Assessment Instru-
ment I was developed. This included a semantic differential "
congisting of sixteen environmental concepts and a forty-five
_item cognitive test to measure attitudinal thange. For the second
" ~hypothesis, Environmental Assessment Instrument LI, a Likert-type
instrument consisting of ten environmental concepts was developed.

[




_ianvirohmental Agsessment. lnﬂ__uméht I1. was ad_inigtéred as a,“

~\

] . {
The population for the intital étudy consisted of 48 undergraduate
Junior students ehrolled in the course, The Learner and His En-
vironment, at Boston Univeraity School of Education. Prior to
presenting the instruction, Environmental Assessment Instrument 1
was adminstered.as a pretest.  The experimental group raceived
fnstructiod in a values-oriented- envrionmental education unit.

At the conclusion of the instruction period Environmental Assess-
ment Instrumeént I was administered to both groups as a posttest.

Nine preservice teachers and 131 students participated in the
follow-up study. Prior to instruction Envrionmental As3essment
ITastrument II was administered to all pupils as a pretest. A
After presenting a mini- onvironmental unit to their pupils,

posttest. . ‘ R ) i .
Data from the semantic differential were analyzed by an analysis
of covariance which showed there was a significant difference

(p $.05) in attitude toward nine of the- sixtaé@ concepts as =a
result of the values- orten§§d environmental eddcation unit, An
analysis Of covaritnce on the data from the cognitive test: showed
a significant difference (p € .0001l) in knowledge of ecological
facts and principles in the experimental group.

In the follow-up study the posttest scores on Environmental Assess-

ment Instrument II for both the control and experimental groups
were analyzed using an analyslis of variance. The results were
significant beyond the .01 level. , 5
The following conclusions may be drawn from the results of this
qtudy -

The attitudes of perservice .teachers ‘toward environmental
concepts changed ¥ignificantly as a‘resuwlt of instruction in
a values-oriented eanvironmental education unit.’

r v,
The cognitive knowiedée of ecological facts and principles
of preservice elementarv teachers increased significantly,
as a result of ‘instruction in a values-oriented environment-
al education unit.

Preservice elgmentary teachers who have received imstruction
in a8 values-oriented environmental education unit are able

to elicit a positive attitude toward the environment in their
pupils.
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EVALUATION OF ELEMENTARY SCIENCE MAGNET SCHOOL PROGRAMS
élaude H. Cunningham
' L - . Donna G: Wright

Houston Independent School District S
__ Houston, TX 77027 S RS S S
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>

The goal of encouraging school intefxation through instructional
means has led many urban public.schoo} districts to develop Magnet . .
Schools. Magnet ‘Schools, by definition, are-high quality programs*
which, by the nature of their offerings, attract volunteer students .
[ from all racial, ethnic;, geographic, and msocio-econdmic: sectors of -, .-
the community., It is dssumed that high quality specialized ingtrue-""~ '
tional programs will provide adequate motivation and impétus for '
meaningful voluntary integration. X B '
. /- e ' ' -
s v Any attempt tq_evaluape"Mégnet'School programs must have at leagt = "~ - -
3, ek - two dimensions. First, their impact on integration must be de-
‘termined. Second, the quality of the program must be.examtned. !*
+. , The -evaluation of the quality of the Magnet School Project in !
Houston assumes that' each program will establish objectives which . ¢
represent a consensus pf the profession in both "congent and aca-" oo SR
-demic skills. This assumption. requires periodic ve¥ification to .
assure:-the content validity of Magnet School programs. Results of "'
~ past validity checks have revealed both strengths and weaknesses ’
o " which have provided a basis for program revision and revitaliza- . . l’
. ' tion. This paper deals with the'design and procedures used in * _ ‘
evaluating the elementary science Magnet School pfggrams in Houston. ‘ -
It will serve to introduce the other papers in the set. ‘ '

+
|
i

'} "
Dels ign ‘ ‘ . ¢
. o . - . ' . PR
N The deafg%.selected for this study was a non-equivalent contrel group
désign witH post hoc analysis.. Tlie treatment group was drawn from
students attending elementary science Magnet Schools; the control
group was drawn from students attending nqn-science elementary T
. - Magnet Schools, The groups are non-equivalent if that randomiza-
" tion was not possible in assigning student groups.. Post hoc
measurement was necessitated due to lack of opportunity for pretest-
g, FETETTTT

.
-
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Sample

Students were selected from the identified groups for inclusion
in the study using random selection of student identification ‘
nymbers by computer.® Members of both .groups were attending Mag-

.net Schools during the study and had been enrolled in the same

Magnet Schools for at least one and one-half years prior to the

study. Students 1in the study jamples were rgndomly selected

from groups which were alike ip ethnic make-up and sex distribu-

tion. This balance 1is controlled by a federal court des!ﬁregation
order.

.
'

_Instrumentation e e e \ . el

. Basic Skills.

Four variables were identified for measurement and analysis in
this study. The variables were: science content achievement,
skill in ctagsifying and inferring, and general academic achieve-
ment. Science content achievement was measured using the Science
subtest of the SRA Achievement Series. General academic achieve-
ment was measured using che Composite Score of theﬂlowa Jest of

L"‘.b

Students’ 'skillé in"classifying and inferring:were measured using

. two locally- prodﬁced tests; the Whitson Classifying Measure and the

T

Whitson Inferring Measuge. The development of these tests is dis-
cussed in anoth®r paper in this set.

v

Procedures;

LY
’

Students selected to participate in this study were tested in the
Magnet School they attended in groyps of 30 or fewer. The four
fnstruments were administered at_ three .segsions with about two
weeks between sessions.

R 2
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I o * THR DEVELOPMENT OF NON- READING PAPER AND PENCIL
v *MEASURES OF CLASSIFYINC AND TNFERRING SKILLS

x , , . Betty A. Whitson . . I
‘ . a ) - .

. Houston Independent School District : . . o
- .. ... .7 . ... Houston,- Tx_;7937_h . S

: | u | Jacob W. Blankenship ) ﬂ S
‘ '‘Univedity of Houston

H0ustdn, TX 77004 ' . o ﬁ’ﬁ”

Latroduction’ L o . i

\

Validated, non- reading, paper and pencil Rroup administered
agsessment instruments designed to accurately assess student _ L
. abilities to classify and infer were essential to the research K o
N : design of this study. A search of the literature on assessment - ; o
' " instruments to identifyssuch measures appgopriate for use with
fifth and sixth grade students was unsuccessful. The task of .
designing, developing, and validating instruments that met the el
\ design criteria are described in the presentation.’ S -

ey

- ) " The Whitson Classifving Veasure : C N

’ . R .
The Whitson Classifying Measure is an assessment instrument design— A
ed to nieasure the abilities of children to classify. Selection 3
: ' T procedure8 of  the classifying items, were implemented in three
phases: ne

o 1) Efforts werg first directed towards careful review of ' . .
v : : ' - the literature to locate g validated instrument which

h . ' _ " could be administered to a group of twenty-five’or more
£ which involved no >reading. Only -one instrument appeared
‘ to meet the criteria; however, attempts to secure the
test were unsuccessful (Nowak's Classifying Measure);-

2) Adaptatipn of existing c¢urriculum matefiafs and
_ _ ) _research findings resulted in the development of an
s ) ~ asgessment measure, The Whitgon Classifying Measuré;

11
’
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"3) A validation study was undertaken using = sample of 48# R ﬁwf
‘students. Mean item distrimination for the -aasessmejt - jfy“ -
measure ranged from 0.40 ta 0.58.. The Kuder- Richardipﬁ« ~-'*'j o
21 Relfability was 0.86 for the 1nstrument ‘ Fd s “A~.M“ S

“ . ’i S b Y “
: - s gt RIS ¢ P .
N - » l\‘ s -‘-lﬂ ’}:-‘ 'IX‘ : \.\:-' N *ﬂ - *

e b}
. -

The Whitson Inferring Measure T S ig %:ﬂ"gv$,w.iﬂm;,m“"-m

The Whitppn Inferring ‘Measure .18 \an asaessment 1nsnmuhagt aasigndd -
to measure the avbilities of children to infer. A searchJof thq» v
assessment literature reveal&d duly two, lhstruments,.the iEe er ‘;.p
Analogies Test and an.instrument developed by the Amer¥can Asqocia— SNCTN

[t

tion for the Advancement of Science for Science -- A Pro ass: nuﬂnf‘" ”: e
Approach, nedther of which was adequate for the study Subsequent-

ly, the Whitson Inferring Measure was developed by adapting qxist* . N
ing curriculum material- end research findings, A validatiéa” ~ - "
study was done using 48 students. Mean item dis®rimination Fory . " -
the assessment instrument ranged from*0.45 to 0. 60 The Kgder~~§§f,; ¢
‘Richardson 21 Reliability was O. 88. . o " -
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) A STUDY OF THE' DIFFERENCES BETWEEN SCTENGE MAGNET
nt e . " m\ %W

- SCHOOL QEUDENTS AND NONSCIFNCE MAGNET SCHOOL .

- . L9

. . C ~ STUDEVTS CW'MEASUREQ OF¥ SCIENCE SKILLS AVD ACHIEVEMENT

“ o .

w Ty . .

_ﬁm___;_'_ ;_;. .. Jacob W. Blankenahip -

- - m—— e Ui -

=

X ~ - Uﬁiversity of Houston
. ' . oL "Houston, TX 7700&
: . E 7 Betty A. Whitson _ |
' S T CIaude—H.'Cunningham < S

. A i © -+ Houston IndepehdennuSLhool District
' - HoustOn,IX 77027§ )
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Iﬁtroduction‘ v o s . . .

r b

- lhe evaluation of the elementary science Magnet Schools in ae 7/ -
P , urban school district was made by the comparison of students' ) A
' abilities to clasgify and infer and the students' »gegereb N 2

qcademic achievement. .. . - ' . R ' o

. ~ -,
. . . . . " . L
- oo - . ) ] . o ) ’ A‘é . . o %‘\.y 0

or a ~ .e .
[ &

w . . . v ~ . '
’ _§ 8“‘219 : A . ) . - ~ \-AI:'
N €a N f‘

L . RN % - K
. o o . LI

3 "Two hundred and eleven students from fifth and sixth grades in. - é
five elementary schools participated in the study. *The schools T T
were ghoSen from various areag of 4 large. urban “school system, ) '
Half the‘sample were from §chools where 'science was the facus of
the magnét, school program and the other ha&f of the samplé were :
from magnet schools that had a curriculum focus oth@f than " . - _—

‘sctence. - S SRR ) < e

-~
.
e L TR

5
cadie, ¥
s

n

. . * . - A .
A - gtl, , . v . . .

oo - - Proge ure . . : : .

“ o ' ¢ N "
. . ' Students were tested in groups of 30 or ‘fewer using four nesessﬁépwgi C .
C ' ‘ment measures, two for meAsuring sciepce skills and two fdr mea- NS
+“auring academic achievement. The independent variables of the
study were type- of school attended (science magnet or’ ‘nonsciente
magnet) and the dependent variables were the gkills of classify- .
' - - ing and iNfercing and general academic achievement ip teadtng.\
‘mathematics, and scienee content . Ihe t-test was USQd'to'detexminef
'_siganfpant difference. T _ .
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" skills development emphasis in elementary science,

‘ Samole

i sacademic and science achievement were collected.

* .

RELATIONSHIP OF ELEMENTARY STUDENTS' CLASSIFYING AND

‘INFERRING SKILLS TO MEASURED ACHIEVEMENT IN BASIC SKILLS |

GP Donna G. Wright
Claude H Cunningham

Houston Independent School District

' Houston, TX 77027
&
Jacob W. Blankenship
University of Houston .
Houston, TX 77004 '
L)
Introduction : . )

The "back to basics" movement in public education has had two
negative effects on elementary science education. The movement
hag. defined "basic skills' as reading and mathematics. Science
has been de-emphasized in favor of increased instructional time

in reading and mathematics instruction. . Second, the movement 'is
mpre congruent to a cohtent acquisition emphasis than a processing

dence 14 needed to describe the relationship of the information
processing skills to basic academic skills. Such evidence holds

“promise for a broadening of the definition of basic skills as well

as providing science education with adequate emphaais for surviyal,
‘ ¥

i

Data related to ‘student classifying and inferring skills and ge
A total-of 189

Students were randomly selected w

students' scores were obtained

from groups which were alike in both ethnic make-up and sex distri-

bution. All members of the idemtified groups had been continously-

+. enrolled in Magnet Schools.for at least one and one- half years. -

!

.

Ingtrumentation

. .. o . o o .
Four variables were identified: science achievement, information
processing-skil]l development in classifying and inferring, and
generq} academic achievement. Science achievement Wwas measured -

157 1 56

Empirical evi-
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Findings

The students who attended the science magnet schoola outperformed
the nonscience magnat school students on each of the five dependent

variables, The differences were statistically significant.
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using the Scignce subtest of the SRA Achieyement Series, Level °
E[Fogg l. General academic achievement was measured using sub-
scale scores of the Iowa Test of Basic Skills Level 11-12/Form
5. Students' information processing skill development in clas-
sifying and Inferring was measured using the Whifson Classifying
Measure and the Whitson Inferring Measure. The development of
these instruments has been described in another paper in thia
set.

. ' .. Results’

- . o ’ s,

The rationale for selecting specific information procesaing skills

i ... . _.was their assumed relationship to ge_gxal_gcgggmig._ghigygmgnt,,,____“_

To determine the validity of this assumption, atudent scores on
each of the two information processing skills measures; inferring
and classifying, were correlated with each of éleven academic
achievement areas measured by, the Iowa Test of Basic Skills and
the ‘S¢ience score on the SRA Achievement Test.
Each of the information processing skills was’ significantly cor-
. ~ related with each of the academic areas. This pattern of correla-
tions indicates that inferring and classifying have relattonships
I to general academic achievemeat. Two achievement areas have cor-
' telations with inferring which exceed 0.4; Reading -Vocabulary .(r =
0.44) and Reading Lomprehension (r = 0. 41) Four achievement -areas
have cotrglations with classifying which exceed 0.4; Mathematics
Concepts (t = 0.53), Knowledge of References (r = 0.48), Mathemat-
ics Problem Solving (r = 0.45), and Graph Reading (r'= 0.44).

Dgscugsion‘ o _ - S ‘- i

From this analysis, several conclusions may be forwarded. First,
& students' informatfon processing skill development in inferring and
clasgifying is significantly positively related tp‘geheral academic
achievement. Those students who score higher on measures of infor-
‘mdtion processing skill .development also score higher on measures
of general academic achievement. Achievement in gcience content /
is.not significantly related to either information processing skill
N -development or general academic achiéevement. While we cannot infer
’ ccausation based on this study, we are comfortable encouraging in-
struction specifically deSIEHEd to 1mpxove students information
ptocessing skills. - /

' - . . . . 3
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,@E. . IMPLICATIONS AND RECOMMENDATIONS ARISING OUT OF AN EVALUATION OF

L\

3

ELEMENTARY SCIENCE MAGNET SCHOOLS IN A MAJOR "URBAN SCHOOL DISTRICT

Claude H. Cunningham

e Hous on Independent School Distriet - - -~ - 3-:w"3~
' ' \Houston, TX 77027 '

_ Jacob W. Blankenship
” ' < i ) . : ¢
University of Houston * _
. E Houston, TX 77004 , ) E ]

@

Magnet Schools have become the ma jor vehicle for encouraging

school integration through instructional means. This paper dis-
cusses the implications and recommendations arising out of a

broad based research study designed to evaluate the effectiventss
of elementary science Magnet Schools in a major urban public-school
district. Basically, the design provided for the compatison of
certain skills and achievement between students atténding science
N and nonscience Magnet Schools, Analyses of correlation and dif-

. , ference were emploved in the study. The major components of the

study are reported in preceding papers in this set.
¥ . -

J'-t

‘Findings N o & ' . . B

The findings of this major evaluatio% study may be summarized in ) »
‘the following statements: . ’,

1) Effective, non-reading, paper and pencil measures of .
elementary students' classifying and inferring skills ' g
can be developed;

, ! 2) Significant correlations exist between students" clased -
fying and inferring skills and_ their scores on standard-
ized general achievement measures

. _ 3) ‘No.signifdzant'co:relations exist between students'

: . classifying -and inferring skills: and their scores on .
{* " . standardized science achievement measures;

.« 4y Science Magnet Schéol students perform sigaiticantly

A o better on measures of classifying skill, inferring skill, 5
- and general dcHievement than their nonscience Magnet

E ' _ ~ Sehool peers; - -




¢
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5) Science and nonscience Magnet School students’ perform-
~ances ap measures of science achievement are not signi-
ficaq;ly different

N

- . - ®

Implications and Recommendatiohu

.».;g" -
Sevaral(implicabions and associated recommendations present them-
selves from the findings ‘summarized above. Students' classifying
and inferring skills are significantly positively related to
general achievement and therefore, devulopment of these skills
should be emphasized.* Since studeﬂts .progtams amphasizing daily
hands-on:activities using physical objdcts perfo%m significantly

_better on measures of classifying and. infetring skill and geperal

achievement, a method for enhancing student dqvelopment in' these

rareas evidences itself. We recommend that activities involving

the manipulation of physical objects be infdsed into the curriculum

_througu?fx\rhe elementary grades

Students in the two types of Magnet Schools ‘did not perform

.differently on measures of science content acﬁtevament This pre-

sents a paradox to thé science educator. ' Of .one hand, the public
sees standardizéd test performance as one of the few real indica-~
tors of excellence. On the other hand, this finding, when coupled
with findings of significant difference in process skill develop-
ment "and general achieyement, appearg-to be a positive result when

compared to the emphas{s expressed in -the,professional literature.

Since there is no indication that a science content emphasis in

v Magnét’Schools ‘results in significant differences in science achieve-
ment hetween science and nonscience Magnet School students, ie n/)/,_
si

is again apparent that the results obtained here argue for3§ phy
cal objects oriented currigylum While the lack of difference i
science achievement scores may be unsettling, mitigating factors

“télated more to the. measure used than ‘the program must be considered.

On.this finding, we recommend replifsation of the study for verifica-

~tion.

This study did not result in data which would allow 1nfereﬁce3 of-
causation to be drawn. Tt does, however, indicate at least two
clear directions for educators in the “back ‘to basics' era. First,
hands-on actitities are of critical impdrtance in the development:
of basic academic and cognitive skills. .Second, a pwogram which
consisteutly emphasizes the develop ent of proces§ skills' produces
students who are superior on most measures to their peers. in other
programs. .

&

o)
” \
- & ) e
v .
d .\
» -
v LA W
- 3 . .
. 160 w » » N
1 89\ "" ” "’ R ‘n\_'

o



B0t AT 2t RN 'O SR . RIS A Je A WL A IR A L IR A A L i ARt L LR Sy T LA
ﬁm VRS W . b R T A SRR '

f
.
e
@ .
. .
- . L
- A
* i * RN 1 ry .
e ' R
PO » ¥ ” tn
- T ens b
R <
- 4 . .P n [N
R .
A -
B . . R
. d
b \ ‘. an - . N
» . i’

. . e - ¢#
. v .o . . \.ﬁ e // fg}“
R . - 4 . " . PO / .e s TP N T,
A o e . I - C e
. B 1 CONCURRENT SESSIONS T AND J #fr : s
- . ;;i.* ,/ 4‘* .
s ' K ‘f-j%“'m} ..-

Sessions I-2 and J-2 Techniques ah& P?oéedhrgagﬁ} Reqparc§' h ?”T”~~«\mf

he - o ) oo - S 4 : P et
e e e e e ’ AI__"%.ﬁk T eI N T ST l
' - Topic: . : : rhe Design and TIm Tement ton OE an 3 A P
L Evaltjﬂt\ion pqu x ., . » . T :' ' ‘}"}i;
“ i Lo ) & ’

‘_Cr_ .
- . Arthur L. White
- - - 1':3 - .

L
L - o
s ~ .7
Cad - 4 *’%‘g‘

The Ohid State.Universiﬁy - IR
Columbus, Ohio 43210 ¥ o -
: " : o oo B

- . . ,\

SR . " CT e R

. g ‘ ' ' N
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procedures materials and skills which will fécilib@%e thp degtgn . _
_ , and implementation of an evaluation plan., The ‘gession will be A ' J&*n
conducted with application as the ma jor chusb Activitiesgknd 1 :!'@;.
handouts will be included during the session W i
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o m&thodological problem.

Q:Although traditional assessmgnt items %est knowledge of proposi-

fThis stpdy focuses on,
'propositional knowledge.

Lon multiple choice igems

)

-
»

- DEVELOPMENT AND VALIDATION OF PROCEDURES TO ANALYZE
. %j’. . . ' N

-'.' ' . & N
‘MULTIPLE CHOICE ITEMS: AN APPROACH:TO ASSESSING KNOWLEDGE

John A. Caldwell

University of North Dakota

“Grand Forks, ND 58202 :

TA- question raised by educational researchers-‘ij;ying the cognitive
organtzation of knowledge before and aftetr instructidn is "How does
the knowldege a person has previously acquired interact with organ-
ized 1gatruct10nal content to produce a new knowledge structure in
che persen's mind?" (Posner, et al.-1977). To answer the questibn
of knowledge interaction requires assessment. The assessment of an-
1nd1vidua1 s knowledge and its or anizacion presents a difficulc'

L

-«

«
¢

A

. - ' : v
Traditional assessment procedures position an individual oa\a
continuum and compare individuals with each othef (Magnusson, 1967) .
3

tions’ (Ebel 1965) the scores received from the analysis indicate

-8 proporcion of acquired knowledge rather than ppeeific acquired
L-t,knoﬁledge

one kind of knowledge tb be acquired --
The' purpose of the etudy was to develop
and *apply techniques for the analysis of student knowledge as
demanstrated by the propositions the student 1mp11c1t1y asserts

14

The study was conducted during the summer of 1978 at Michigan State
University. Twenty-seven elementary educatign ma jors enrolled in
Biological Science 202 provided the sample for the study.

- /—-_’-/
Student responses to an essafaquestion and a set of mulciple choice
questions developed for a unit on terrestial succession were analyz—

ed. _ i

1) analyze the multiple choice test and derive the inherent”
. propositions;

e
IS

The analysis jnvolved the following éteps:

¥
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2) , organize the prOpoaitionl and apply the student res-
3 ponues’to that . 6rganizatton - Sy :
3) following Pines (1977), deriveaptdgbaitionq from the ‘
" esssy responges and calculate theé;gter- and intra- .
7 -.“judge reltability of the assay andlysis; e C A
' . R '
., L 4) CQlCulata the percentage agreemen(ybetwcen the studenta -
£ - essay propositions to estimate the vnlidity oﬁgobtaiﬂbd -

.. w4 . . information. i S
. 1” ‘ : " . . ~ o YR " o ’ C
“* The developed techniques ‘generate a list of propoeitions impli- '
citly asserted by the student#. The organization of .the pgo~ « = “\a
<, 4 - -positjons.provide a model of studémt knowledges - The.calculated. S
a reftébility cbefficients and petcantage agxeeméﬁt indicatag sthe. - s

ingyxmation obtained by the techniques is reliable,and vaftd

S

S -~ s e L
n .The téchntqups devehoped in this stqdy proi}gsba metheod that can-* '
' use multiple choice items to agsess the propdshtional knowledge.
of students. Reseagthers concerned with the organizatiod of pro-
1 po?itiohal;knowledﬁ% can capita}tze on, anpthqr data source for the..
n ATassessment of proposipional knbwledge, and further their {nvesti-
’ # gation of hgw, one organizes knowledge. TFurthler research could.
arovtde AR, computer programlgﬁ the‘techniques so the method could
be combfned with Legularmtésqxanﬁiysis procedures. This would.
Benefit those tnstrhcgprs who\q§sire <to address student misunder-

e . standings. . . -y : N .
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i : PLneS, ?ﬁ@ﬁ, Sciengpﬁlc @ancept learning 1n c@ildren Phe .effect
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ASSESSING PROPOSITIONAL KNOWLEDGE: ‘CHILD'R'EN"S‘

CONCEPTIONS OF THE OXYGEN;CARBON DngIﬁE,CYCLE
4 L 4

Edward L. Smith

_— e e e e o e L P e x M.iehigan Star:e U“iveEsi_ey_ _<: - .. __-._._...,,......_:.ﬂ__-._._.,_.._.___...__‘__
. East Lansing, mgaseza k :
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Rationale and*OQipctives oo - .

Curriculum evaluation and research on-science teaching frequently
require careful assessment of what studen ts know and learn. Scores

_on ndrm or domain referenced tests reflect the amount known, but

not what spectfic knowledge the individuals do and do not possess

or what alter ;jve conceptions the individuals have. The purpose )
of the résear was to develop methods for assessing’ and modeling - -
students knowl dge of a given t$pic L

The work was guided by a cognit&ve view of knowlegdge and its re-
lation' to performance. Thus an individual's knowledge was viewed
,L as congisting of integrated sets of propositions and procedures. v
- Observed task performance was viewed as resulting from an applica- :
tion of an individual's knowledge, and thus as providing a Qgsis
for 'inferences about the underlying knowledge

s

The specific objectives were :o:

1) develdp methods for assessing and modeling students
~ propositional knowtedge of a given topic; |
. 24 apply those methods to the assessment of student .
e : knowledge related 'to part three of the SCIS Egosystems
. ' unit "The Oxygen-Carbon Dioxide Cycle'; and,
3) assess the utility of the methods for use in research .
' and evaluation. T

o " 'Method = -

' R - |
:.Fhe Ecosystems Teachers Guide was unalyzed to identify the prop-.
. ositional knowledge addressed in Part 3. Three instruments were
" then congtructed for assessing these proposttions

! ) »- 1) a multxplu choice test which tested prfmarily leL1ll
: or low level generalization of propositions, ¢

\\‘l“ ™
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‘The inquiry practical presented two novel phenomena and a series

ot o R A - A A e TR ] 13 Rt
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'2) "a written test which required appiication of proposic
tions to néw problems .(presented in writing and draw-
ings) aimilar to those dealt with 1n the instruction;
and,

3) an 1uqu1ry practical test which required application of
"~ propositions in the course of first hand {nveatigation
of new phenomena.

After piloting and revision, the tests were used to assess know-

ledge and learning of two classes of sixtW grade students (n =

17, 15) studying the SCIS Ecosystems init. The multiple choice

test was admigjstered as Rothr a pre and posttest. The .written

and inquiry p cﬁical tests were administered as poattests only

- 2 c e e [

¢ R R

Answersvto each test were analyzed to produce lists of propqsi-

network representations and computer analysis inclyding cross
tabulation, cluster .analysis and path analysis were d to iden-
tify alternhative conceptions held by studénts and examine the -«
relationships amopg the results from the three tests.

tions attributed to each student. Visual lnspectitiu:: ‘conceptual

/

Instruments and Data

EI

The multiple choice test consisted of 2& items Qith three to five
alternatives including "I don't know.'" Alternatives were design—
ed to be sensitive to anticipated alternative conceptionq

The written test presented, in writing and pictorally, five dif-~
ferent situations about which the"students were to predict,
explain dnd/or model diagramatically. Thirty-six separate re-
sponses were'required. .

S

of written questions which required" -the gtudents to observe, hvpo-
thesize, design_experinfents, predict results, perform experiments,

- and interpret results. o *

The student responses to all tests were transformed into lists of _
propositions, the supporting evidence for eagh being carefully ™ . R
documented.. These 1ists were the data for all further analys%g iy
R ¢ . - . e o
i . . . ) v «
Results + S g ' y e e
B heh el C ) . %

’

The study identxfied conteptions commonly held’prtor to instruction v

',and‘COnceptions, both valid and invalid, which developed during . 7\; fg

1nstrﬁttioq The multiple choice test elicited more complete data o
but sOme students Lnterpreted 1Lém options differently than in-. = D

tended. dequatg ( % 80%) inter-judge agreement was obtainéd in L
~'an31221ng wri ttgd responses and adequate agreement across tests RN

R Foss, val{ditv) was obtnihed althhnqh some systematic dtfferences U S
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Conclusions : - -

» _ The methods are Very. promising for use ip research and evaluation. |
Howevkr, use of the full propositional analysis of written rcspop-
ses will probably not be practical for regular classroom applica-

. -
tion.
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THE RELAT&ONS}N;P BETWEEN ATTITUDES TOWARD SCIENCE AND SCIENCE ~

ACHIEVEMEN* THROUGH HE USE OF RESIDUALIZED SCORES

\

. Linda W. Hough
-- | e e e e e e e e e e e L e e e e e 'HDUBCC}Q Comunity Coll-ega ' S e vo
' Houi{on, “TX 77007

Margkg K. Piper _ o '

u versit>\6f Houston
Houston, TX 77004

.
}'A

The relationship between attitudes toward sclence and science
achievement has been proposed and invesgtigated by many studies
(Brown, 1955; Hedley, 1966; Littlefield) 1975). The results
of these studies indicate that how well a student likes sci-
ence is related to how well he/she does in science. Alvord
. ) (1972) stated that this relationship varies according to certaim
;o , g ' individual pupil charaq;eristics such as sex, race, 'and grade
level. One method of controlling for. these individual differences
*is through the use of residualized. scores. Kerlinger (1973) .
states that the best technique for analyzing change in-a pre- . .
test:posttest situation is through the use of res dualized )
scores. These scores are the posttest gcores with the influ- _
ence of the pretest scores removed from them. This study investi- ~
gated the lationship between ‘elementary pupils' attitudes toward Co

science and their science achievement. Residualized scores were
ugsed to analy the data. : g o

" Each tedcher wa;>ﬁiven an identical science lesson plan that
- : included all the aterials needed for the- activity Detalled
R -"\“instrgot*ons for adm{nistering the pre and posttest to.the - - -
e - ‘ﬂ:f~n-“ 'elemeqtary pupils weré\glso foctuded. The subjects of the study
' S .3;1[ T ..\were 3&3~intermediate efementary pupils enrolled in the Houston
© Y ; area sehool distﬁicts in e Qpring 1978 semester

‘  e -_:7; . The folloﬂiqg 1nstruments we g\&iven to each of the subjects

W -
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RORE N anh 5f thésp tnstrumenté were developed by the researchers to
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The pupils {n each of the teacher's classrooms were pre and post-
tested as part of the science lesson. Residualized scores were
used to correct for any pretest di fferences that may have existed
To calculate residualized scores, the podttest scores ‘are modified
by removing any variance that can b¢ attributed to the pretest
Therefore, all pretest tnfluences are removed,

A zerq order correlation was used 'to test the hypothesized rela-
tionship. The significant level4of criteron was established at
five percent of probability. ‘

The analysis revealed that there was a signiPicant relationship
between the pupil's residualized scores on the Hough Pupil

Process Test - and their residualized scores on the . Hough Atti- IR
tude Inventory (r = .45)..

) : ; »
Residualized scores are,more appropriate than change scores
because they are the result of statistically controlling for
individdal differences among pupils. Since this study statis-
tically controlled for individuat differences among pupils:
on the affective and cognitiwve tests, a stronger case can be made

r the relationship found between attitudes, toward science and
science achievement. :

' . i " ’;

The impowtance of this study 1s the implication thet teachers
teaching. science can provide the conditions that ptomote the
relationship between positive attitudes toward science and

»

"gcience achievement. S L.
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- terviews and contéins questions, in multiple choi ce format,
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A CONTENT VALIDATION OF THE PTAGETTAN LOGICAL OPERATIONS TEST '

‘. . B ' ) . , ., .
- ' @ o0 W

! ' - John R. Staver

DePaul Uniﬁersity
Chicago, IL 60614

The investigator's purpose in Ehis tnvestigation wasg to, determine
the content validity of the Pidgetian Logical Operations Test,
PLOT, (Staver, 1978; Staver and Gabel,-1978).- The evidence gath-
‘ered from experts should prove valuable in further'development® -
and revigion of PLOT. . - . ;
N

rhe Piagetian Logical Operations Test is8 an objective multiple
choice instrument which tan be administered to classroom dYzed.
The test is pacterned after a serieg of Piagetian in-"

which assess the content of tasks, plus the decis yions and reasons
employed by srwdents in solving problems. Tasks lare demonstrated
on vid%o tape s « ‘ g ! "

N s » .‘. ' ,7‘ * N
Three university faculty members with background in sc¢ience, .
science education, Piagetian psychology, and Ptagetian group '
“instrument development were invited to critically review PLOT.
Each évaluator 'was 'given a packet whith included a cassette
video tape of PLOT task demonstrations, a PLOT test booklet
directions for administration, answer key,” and an evaluation form,
All evaluators completed and returned the forms' to the .investi-

gator S \

The evaluation form consisted of thirteen Statements, and each
person responded 'agree", undecided", or '"digsagree'" to each |
assertion. The sentences were concerned with:

™

. 1) theé Hssociation between the presence of mental’
« gchema in subjects and their scoreg on indivi- J
dual PLOT scales and the total test;

‘ ~ score well on individual PLOT scales and the ‘
- “totalk test, aind the corresponding Piagetian ’
clinical tasks; and, |,

B ' . . - ) “,
R |
0 . * /1
. } . i
L -
<
'

the himilarity between the logic required to T

R,
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The evaluators were also requested to write theirrthoughts,

1 . ’ " . .
3) the appropriateness; efficiency, and practicality
o " of the PLOT.format compared to the clinical method
in the measurement of Piagetian mentgl schema.

copments, -and suggestions in the space ‘provided on the evalua- -
tion Eonﬂ,' . i : :

‘- "

Phere was unanimous or majority agreement on three issues
1) individuals possessing considerable conservatipn
7 "of volume, combinatorial analysis, direct and

", 1inverse proportion, and ‘general formal thought .o :
, - skills-will score higher on PLOT. than’ persons : .
.h " not possessing such skills . - R

. 2) ‘the logic necessary to score high on PLOT parts
BT . I, IV, and PLOT total is similar tm tle logic S

required to solve the- corresponding clinical . @
.féﬁi tasks; and, * .- L e ‘
3)'-PLOT is more practical’ when ldarge nuwbers of = e
qubjects are tested, .~ © di _ ' ¢«

)
A majorbty were undecided in two areas:

- 1 M -
1) persons who pdssess considerablé separation and - . " -r
control of variable skills will score higher_on )
° PLOT "than indivaduals not possessing such skills,_
N . and, :

!

<

2) the PLOT format is more efficient and appropriate
than thé’clinical method

I\

‘A majority disagreed that the togic required to scoreshigb on

PLOT part ITI is similar’ to’ the logic of the correb@onding

clinical task . s R R
Discussion 1§ focused upon the esperts: comments and responses '
with respect to construct validity evidete (Staver, 1978; - |
Staver and Gabel, 1978) and the "tesponses and comments-them- “
’ selves Recommendaﬁtons tor further development inquiry, and- ~ -
classroom use of PLOT are made . v R
et L) ‘O\ )
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